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ABSTRACT

This report describes a 49.8 and 423.3 Mc phase locked receiver
for group and phase path measurement gboard the Pioneer interplanetary
spacecrafﬁ. A magnetometer aboard the spacecraft imposes a stringent
low residual magnetic field requirement on the equipment. The receiver's
magnetic field is only 1 gammsa (lO_5 gauss) st 3 feet after exposure to
a 25 oersted magnetizing field.

The experiment uses two high power ground based transmitters and
a 150 foot parabolic antenna to transmit phase modulated signals to the
receiver. Group and phase path measurements will be made as the space-
craft travels to 0.5 AU (7.5 X lOlO m) from earth, and the results tele-
metered back to earth.

The minimum measureable Iincrement of phase path is 1 wavelength of
49.8 Mc, corresponding to an integrated electron density of 3.75 x lOlLL
electrons/m2 or a volume density of 5 x lO3 electrons/m3 at 0.5 AU. The
error in group path is 2 percent of a wavelength of the 8.692 kc modu-
lation frequency, corresponding to an integratéd electron density of

>

hox lOl6 electrons/m2 or a volume density of 6 x 10 electrons/m3 at
0.5 AU. '

The receiver will maintain phase lock for 10 hours before skipping
a cycle in the 49.8 Mc channel at -130 dbm with 8000°K cosmic noise, and
in the 423.3 Mc channel at -137 dbm with 100°K cosmic noise. These
levels include the modulation sidebands which use 0.5 of the total sig-
nal power. The 49.8 Mc channel has a 3 db noise figure and the 423.3 Mc
channel has a 6 to 7dbnoise figure; the IF noise bandwidth is 45 ke. Tt
weighs 5.0 1lbs without antennas and uses less than 1.5 w power.

This report discusses the receiver performance and a detailed
block diagram, followed by schematics with a description of their opera-
tion. Reasons for some of the design decisions are included, as well as
a discussion of the areas for improvement. The calculated and measured
phase lock loop performance are compared. Low residual magnetism con-

struction technliques and other construction details are included.
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I. INTRODUCTION

This report describes the design and construction of a receiver
intended for operation as a part of a space probe experiment. The
experiment involves the transmission of two modulated, coherent carriers
from the ground (at approximately 50 Mc and 425 Mc) and the reception of
these signals by the receiver in a space probe. From the relative phase
of the received carriers and their sidebands, it is possible to deduce
the integrated electron density between the earth and the space probe.
This is the major purpose of the experiment.

It can be shown that the phase of a radio wave in passing through
an ionized medium, will be advanced by an amount in meters

AP = (hO.B/fQ) S'N ds, where f is the wave frequency and the electron

density N is integrated along the ray path. It is also true that a
wave packet (which may be described by the peak of a modulation envelope)
is delayed by the same amount, AP meters. The space probe receiver has
been designed to measure the relative phase of the modulation envelopes
on the two carrier frequencies and, since the higher frequency is rela-
tively unaffected by the presence of the ionization, this will provide
a value for the integrated electron density. In addition, the rate of
change of phase of one carrier with respect to the other will be mea-
sured, thus very accurately determining the rate charige of integrated
electron density. The measurements will be transmitted back to earth
by the space probe telemetry system.

In the following sections, the specifications and system parameters
to which the receiver has been designed will be given. This is followed
by a discussion of the entire system and a more detailed description of
the individual unit operation. The report concludes with a discussion

of possible areas for improvement in future receivers.



2. SYSTEM PARAMETERS AND PERFORMANCE

While several system parameters such as weight, size, and VHF
noise figure were determined by a combination of the state of the art
and the time available for development, most were dictated by the
scientific measurements to be performed. An introduction to ionospheric
and interplanetary gas density measurements can be found in references
1 and 2. Performance of ground based facilities of the Stanford Center
for Radar Astronomy, consisting of VHF and UHF transmitters and a fully
steerable 150 foot parabolic antenna, sets the ultimate limit on signal
strength available to the receiver.

Figure 2.1 'is a simplified, functional block diagram of the
receiver. Radio frequency, phase locked loops enable the carrier to be
filtered in a 10 to 20 cps noise bandwidth without frequency stability
problems. This makes measurement of the normalized frequency difference
between carriers (phase path) possible at very low signal levels. Con-
tents of the Af counter are telemetefed at regular intervals. Audio
phase locked loops are used to provide narrow bandwidth for the modu-
lation frequencies so that group path data will be available at the

full range of the space probe telemetry system.

2.1 - Electron Density Measurements

Group path measurements
Total integrated electron density error TH.B X lO16 electrons/m2
(t6° phase error at 8.692 kc)
Meximum unambiguous integrated electron l.7 x lO19 electrons/m2

it
density (8 cycles of 8.692 ke)

Phase path measurements

Rate of change of integrated electron 3 X 1O12 electrons/m2 -sec
density error (1 min sampling interval) (Il cycle of Af in 1 min)
Maximum rate of change of integrated i'3.2 X lO15 electrons/m2 -sec
electron density, without ambiguity (Af = 8.5 cps)

(1 min sampling interval)
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Figure 2.1 - Simplified Diagram of the Receiver
This diagram shows the concept of the phase path and group pabh measurements.
The actual implementation and frequencies are slightly different from those
shown. '



2.2 -~ Receiver Performance at 0.5 AU (75 x 10

6

Frequency of operation

Receiver operating point at 0.5 AU

Total signal power (carrier plus

modulation) at bottom of 8 db
antenna null; includes 2.5 db
fading loss on 49.8 Mc

N/A (total noise to total signal

power) in 45 kc IF NEW
Phase lock loop 3 db bandwidth

Signal power margin over threshold
(defined as the power which gives
1 cyele loss/10 hr) at O v loop

stress

2.5 ~ Communication Link Parameters
Transmitting antenna
Efficiency
Transmission line loss
Polarization
Receiving antenna. Both have
nulls of 8 db
Transmission line loss
Polarization
Transmitter
Power
Mecdulation
Fraction of power in carrier
Maximum range desired
2.} - Receiver Performance’

&,

Receiver system noise temperature,

referred to antenna terminals;
including cosmic noise, trans-

mission line loss, and image res-

ponse

Cosmic noise temperature

km )

49.80 Mc 423.30 Me
-125.7 dbm -134.2 dbm
12.8 db 12.5 db
21.6 cps 33.2 cps
3.5 db 2.0 db

150 ft. dia paraboloid

50 percent
1.0 db
Circular
Quarter wave Half wave
monopole dipole
0 db 0.78 db

Approximately linear

86.0 dbm 74.8 dbm
(400 Xkw) (30 xw)
Phase modulation
0.5
6

0.5 AU (75 x 10~ km)

8300°K 1500°K

8000°k 100°K

See Appendix A for calculations of receiver performance and expected
signal levels.

L



Receilver noise temperature alone,
including image response

Input impedance
IF noise bandwidth

Receiver threshold sensitivity
(defined as the power which gives
loss of 1 cycle/10 hr). This is
total power (carrier plus side
bands )

Conditions: System noise temperature

is 8300°K at 49.8 Mc; 1500°K at
423,23 Me.
0.5 of the power.
stress < 0.1 v at the VCO input.

Additional signal power required
to maintain threshold because of
loop stress of magnitude:

0.5 v at VCO input
1.0 v at VCO input

Threshold level parameters

Toop neise bandwidth, BL

Ioop error 3 db bandwidth
Toop 3 db bandwidth

Noise to signal ratio in IF
neise bandwidth (45 kc)

Carrier amplitude, at amplitude
phase detector output, relative
to 5 v supply; with or without

modulation

Strong signal parameters

Ioop error 3 db bandwidth

with modulation
without modulation

Loop 3 db bandwidth

with modulation
without modulation

Carrier amplitude, at amplitude
phase detector output, relative
to 5 v supply:

with modulation
without modulation

Modulation sidebands use
Magnitude of loop

49.80 Mc 423.30 Me
300°K 1200°K
(3 db NF) (7 ab oF)
50 ohms
45 ke
-129.2 dbm -136.2 dbm
0.5 db 1.5 db
2.3 ab 3.3 db
24.8 cps 50 cps
9.0 cps 17.5 cps
16.0 cps 31.3 cps
16.5 db 1k.5 db
-0.1% v ~0.175 v
Th cps 160 cps
106 cps 230 cps
80 cps 180 eps
111 cps 250 cps
-1l.5 v
~1.06 v



49.80 Mc 423.30 Mc

Interference level from other -87.5 db -k7.5 ab
channel, for equal input levels

2.5 - Receiver Outputs

2.5.1 - Group path measurement
Modulation Frequency T7.192 or 8.192 kc to cps

Error of modulation phase
measurement at receiver threshold

Receiver alone, without use of t e

calibration command (mean error)

Receiver alone, with use of I 3°

calibration command (mean error)

Transmitter and receiver, together T ge

with use of calibration command

(mean error)

Rms variation 1.6°
Hold-in range at threshold (error - 50 cps

increases with modulation phase lock
loop stress)

Output voltage (423.3 Mc channel is
reference phase). See Figure 2.2

Linear from 0.20 to 2.80 v for -43° (317°) to 137°
Linear from 2.80 to 0.20 v for 137° to 317°
Output impedance 1 ke

Output current (positive current -50 to +10 pa
flowing out of the output)

The 16.834 kc clock pulse is used by this circuit.
The rounded corners of the triangular shaped output, Figure 2.2,

are caused by noise. The averaging circuit used cannot average the

output at the corners.

2.5.2 - Carrier amplitude and loop stress subcommutator output

The carrier amplitude (amplitude phase detector output) and loop
stress are subcommutated alternately. A flip flop alternates with each
scientific subcom pulse. In the binary zero state, the carrier ampli-

tude is comnected to the subcommutator output. In the binary one state,
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MODULATION PHASE COMPARATOR OUTPUT (v)

Q% oo s o 50 100 150 200 350
MODULATION PHASE (degq)

Figure 2.2 - Volts Output vs. Phase Input of the Modulation
Phase Comparator
The output is shown for strong signal, signal levels corresponding to
operation at 0.5 AU (Section 2.2), and threshold signals (Section 2.4).
The reference phase is the 423.3 Mc channel at the receiver input.

the loop stress is connected. The reset signal resets the flip flop to

the binary zero state. It begins with the engineering subframe pulse and
ends one bit time later with the next shift pulse. The 423.3 Mc channel

information is connected to one output line, and the 49.8 Me information
is connected to another.

Output levels are with the Thevenin equlvalent of the load connec-
ted (4.75 v, 465 k).

Output impedance 11 k
Carrier amplitude output 0.2 to 3 v
no signal (minimum) 0.2 v
strong signal, no modulation (maximum) 2.83 v
strong signal, with modulation 1.85 v
threshold signal, with or without
modulation
423.3 Mc channel 0.430 v
49.8 Mc channel 0.375 v
Carrier amplitude 3 db bandwidth 0.3 cps
Ioop stress output 0.2 to 3 v



7ero loop stress (zero loop stress 1.6 v (nominally)
is the loop stress output for no

RF signal input)

Loop stress scale factor

423.3 Mc channel -11 ke/v
49.8 Mc channel 0.63 ke/v

2.5.,3 - Phase path measurement

2
Af = fh9.8 T 1T f423.3

Af phase detector 3 db bandwidth 80 cps
Af counter capacity 1024 counts
(10 pits)

OQutput - The contents of the 10 bit Af counter are transferred to the
serial shift register with alternate frame rate pulses; the counter is
not reset. A flip flop alternates with each frame pulse. Transition to
binary zero causes the contents of the counter to be transferred to the
shift register. The reset signal (discussed in Section 2.5.2) resets
this flip flop to binary zero.

Wren the word gate is on, the output is shifted out synchronously
with each shift pulse. Binary zeros are entered serially into the shift
register as the information is shifted ocut. Thus, only binary zeros are

shifted out after the first 10 bits of information have been shifted out.

2.5.4 - Format D output. Sample and Hold

The carrier amplitude of each channel is subcommutated by a sample
and hold circuit. The two channels are sampled alternately with each
word pulse, and that sampled value is held until the next word pulse. A
flip flop alternates state with each word pulse. Transition to binary
one causes the 49.8 Mc channel to be sampled. The reset signal (discussed
in Section 2.5.2) resets the flip flop to binary zero, without causing a
sample to occur.

Carrier amplitude 3 db bandwidth 10 cps



Output level with Thevenin equivalent
of load connected to output (4.75 v,

465 k)
No signal (minimum) 0.2 v
Strong signal, no modulation 2.92 v
(max imum
Output impedance 11 k
Sample duration 0.5 ms
Drift for 1 sec hold time < 2 percent of full
. scale (.06 v)
Time to reach final level, in the < 100 ps
positive going direction
Time to reach final level, in the < 300 us

negative going direction
Sun Pulse - The sun pulse occurs once each spacecraft revolution
(approximastely 1 rps). With the bit rate 512 level on, the sun pulse
causes the sample and hold output to be 0.2 v for 30 ms, or slightly
more than 2 word times at the 512 bps rate. The sun pulse has no effect

with the bit rate 512 level off.

2.6 - Specifications on the signals received from and sent to the spacecraft

These signals are listed in Table 2.1l. Further information about the

spacecraft data system is in Appendix B.

2.7 - General

Power (constant power load) < 1.50 w

Voltage (primary power is isolated 20 to 35 v
from ground

Size h x w x 4
6.75 x 6.0 x 6.0 in
depth requires approximately one
additional inch for mounting feet
and connectors

Weight (without antennas) 5.0 1lbs
Temperature, operating -15° to +60°C
storage -45° to +85°C
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Table 2.1 - Signals Received from and Sent to the Spacecraft Data System

NO-LOAD CHARACTERISTICS AND TOLERANCES

IMPEDANCE, OHMS .

A'(‘”)’&(')[l%%‘:' DURATION, | RISE TIME (at generator output), | FALL TIME Gl generator autput), | g o
NOMENCLATURE SIGNAL DESCRIPTION + MICROSECONDS MICROSECONDS MICROSECONDS, CRAFT INSTRUMENT
(50%-507%) (10%-90%) (90%-10%)
ON OFF
3.
No DC potential shall
Main-Frame A pulse at beginning of each frame. 11:2§ 0+l 1013.5 <1 s1 <5 I?e introduced on
Rate Pulse line by instrument .
Capacitive load
<300 pf.
Instrument Sub- | A pulse every 16 frames. 11:2) 041 10 13.5 <1 <1 <5 As above
Frame rate pulse
Engineering Sub- | A pulse every 64 frames.
frame rate pulse 11+2| 0=l 10 +3.5 <1 £1 <5 As above
16.384 ke clock { A pulse train with a 16.384 kc repetition rate. 11:2| 0+l 2 +1.g <1 <1 <5 As above
Word Rate pulse | A pulse generated during the last bit period of each
word. Word rate pulse defayed 122 +10 ps from 112 | 0=l 10 3.5 <1 <1 <5 As above
word qate. '
Bit shift pulse Pulses generated at the bit rate in groups of 6 pulses
followed by a missing pulse, Parity is inserted in 112§ 0= 10:3.5 <1 <1 <5 As above
7th pulse position.
16 cps clock A pulse train with a 16 cps repetition rate. 11:2) 0+l 10:3.5 <1 <1 <5 As above
Word Gate Gate to each instrument to indicate time of reading Bit rate and . . . 220 K from interface
out digital data to DTU. Separate line for main f; 0=l word format Rise En;%Conslanl Fall lemgo%onslanl <5 to ground, Capacitive
frame and sub-frame digital words. dependent load <300 pf.
DTU Operational | Continuous states indicating operational conditions 248K in series
Status of the DTU as follows: 3100 K from inter-
Bit Rates - 512, 256, 64, 16, 8 +1 Duration of Rise Time Constant Fall Time Conslant -
9 0=l ! 23K face to ground.
Formats -A, B, C, D -2 condition <10 <3000 Capacitive load
Storage ~ Duty cycle, tetemetry <300 pf
Separate line required for each signal . )
I Command Pulse Pulse upon receipt of a ground command ,
Separate line for each command. 10:2) 0«1 10+2 <l 3-15 <1000 > 1000
23.3K
No DC potential shail |
| Sun Pulse A single pulse per spacecraft revolution. 10.5 [ 9.1 12.5 :6 <1 <1 <10 be introduced on
12 | line by instrument .
Capacitive load
<300 pf.
Digital Data Series of pulses synchronized to within 10us of bit 1021} 0+1 !
q shift pulse. A pulse shall indicate one and no pulse «| Across | Across 3-13 <1 <3 3.9K £1% ! Ll
shall indicate zero. 39K |3.9K |
i
Norwal- Current to <1000 for £1
Analog Data Normalized analog voltage. One line required for ized Duration of instrument i bit A/D
each word, 0to+3 - word gate - - will be conversion
<25y amp. I accuracy
Instrument Bi-tevel states indicating operational conditions of 810 Duration of _ _ 4 } <
operational status | instruments. Separate line required for each signal, 28 O+l condition 7K <100k

NOTE: The capacitive load results from s/c wiring.

(Max, 10 ft at 30 pf/ft.}



Vibration

Sinusoidal, swept once through each range at 2 octaves/min,
in each of 3 orthogonal axes

Frequency Test Duration, Acceleration
Range, cps min. g, 0 to peak
10 - 50 1.25 Te5
50 - 100 5 30
100 - 250 625 20
250 - 500 .5 T.5
500 - 2000 1.0 21

Gaussian random vibration is applied with the "G-peaks" clipped
at three times the rms acceleration specified in the schedule.
Vibration is applied in each of 3 orthogonal axes.

Frequency Test Duration, Power spectral Acceleration
Range, cps min. density, g /cps g ~ rms
20 - 2000 4 each axis 0.7 11.8

2.8 - Word Assignment for Instrument Outputs

Af counter output (digital output)
Line Fa. Format A, word 1l3; Format B, word 29.
The 10 bit digital output is the contents of a 10 bit counter
2

which counts the cycles difference between the 49.8 Mc carrier andi:z of

the 423.3 Mc carrier. To obtain the difference in frequency (Af), the

difference between successive 10 bit outputs is divided by the sampling
interval. The counter is not reset by the sampling.

Figure 2.3 shows how the 10 bit word is read out on successive
frames. This alternating read-out is continued in consecutive frames.
Frame 1 in Figure 2.3 is read out in the first frame following the

engineering subframe pulse.

FRAME119228327465561+

2 3 5
FRAME 2 23 22 2l 20 0 0

Figure 2.3 - Binary Digit Designation
The number in the upper left hand corner of each box is the bit sequence

number. The number in the center of each box is the weight of a binary
one in that position. The last two O's are always binary zeros.

11
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Modulation phase

Iine Eb. Format E (scientific subcom), words T and 15.

This analog voltage is the relative phase of the same modulation
on the two carriers of 49.8 and 423.3 Mc. The modulation frequency can
be T.692 or 8.692 kc. The output ranges from 0.2 to 2.8 v. Figure 2.2

shows a calibration curve.

49.8 Mc channel carrier amplitude and loop stress

Line Ec. Format E (scientific subcom), word 2.

This analog voltage is alternately the carrier amplitude and the
loop stress. The carrier amplitude is the first of the two quantities
to be read out after the engineering subframe pulse. A carrier ampli-
tude of 0.2 v represents no RF signal, and 2.85 v represents strong
signal with no modulation. A loop stress signal of about 1.6 v repre-

sents zero loop stress.

42%.3 Mc channel carrier amplitude and loop stress

Line Ed. Format E (scientific subcom), word 1l.

This is the same as for the 49.8 Mc channel.

Format D output. Carrier amplitude of the 49.8 and L423.3 Me channels

Line Ee. Format D, words 4 through 16, and words 20 through 32.

This analog voltage is the carrier amplitude of the 49.8 and the
423.3 Mc channels, alternately. Words 4 and 20 are the 149.8 Mc channel.
An output of 0.2 v represents no signal, and 2.92 v represents strong
signal with no modulation. At 512 bps, the sun pulse causes the output
to be 0.2 v for a duration of two word times, occuring asynchronously

with the format.

12



5. RECEIVER SYSTEM

The block diagram, Figure 3.1, page 21, shows the whole receiver system.

3.1 - Dual channel phase locked receiver
The RF inputs are 423.3 Mc and 49.8 Mc and are phase modulated.

The outputs of the phase locked receiver which will provide scientific

information are:
l. The Af, which is the normalized frequency difference between

the carriers (Af = f49.8"f%fﬁ23.ﬂ)'

2. The demodulated modulation from the loop phase detectors.

The carrier amplitude (the output of the amplitude phase
detector), which is proportional to the signal to noise ratio,
when the limiters are limiting on noise.

Additional outputs are the loop stress which, together with the

carrier amplitude, are used to monitor the operation of the receiver.

3.1.1 - L423.3 Mc phase locked receiver
The 423.3 Mc channel is a coherent phase lock loop. The VCO-1 is

controlled by the output of the loop phase detector; and the loop ampli-
fier, which includes the control network.

The basic frequency in the receiver is 24.9 Mc. The input at
4p3.3 Mec is 17 x 24.9 Mc. The local oscillator freguency of the first
mixer is 448.8 Mc = 18 x 2L4.9 Me. The first IF is 24.9 Mc. The second
IF is operating at an arbitrarily chosen 7 Mc, instead of some harmonic
of 24.9 Mc. The reason for this is to avoid producing 24.9 Mc or its
harmcnics at high levels, in order to keep these harmonics from leaking
into the inputs of the receiver or the first IF, where they could cause
self lock.

The 423.3 Mc phase lock loop is coherent, despite the use of the
7 Mc second IF and the 7 Mc reference osecillator. The phase lock lowop
is coherent with the difference between the VCO-1 and the reference
oscillator frequencies: 31.9 - 7.0 = 24.9 Mc.

The third harmonics of the VCO and reference oscillator are gene-

rated before mixing to prevent undesired harmonics of 24.9 Mc, especially

13



the first and second, from being produced. The T4.7 Mc third mixer
output is multiplied by 6 to obtain the first mixer local oscillator

frequency.

3.1.2 - 49.8 Mc phase locked receiver
The 49.8 Mc channel is phase locked, but not coherent. ILike the

423,3 Mc channel, the VCO-2 is controlled by the output of the loop
phase detector for the 49.8 Mc channel through the loop amplifier, which
includes the control network.

The local oscillator frequency (T4.7 Mc) for the first mixer is
derived from the 423.3 Mc channel. Hence, the first mixer local oscillator
frequency is coherent with the 423.3 Mc carrier and not with the L19.8 Mc
carrier. The Th.7 Mc local oscillator could have been generated separately
for the 49.8 Mc channel, but instead, it is derived from the 42%.3 Mc

channel receiver to avoid duplication of circuitry.

3.1l.3 - Function of parts of the receiver

Af comparison

The output frequency of the Af phase detector is the same as the
difference frequency between the normalized carrier frequencies,

2 R :
JAN S fh9.8 - f?fMEB.B' An increment of frequency has been added to each

frequency source in the two channel receiver in the block diagram,
Figure 3.1. FEach VCO must adjust its frequency increment, AVCO-1 or
AVCO-2; until the output of its corresponding loop phase detector is
zero cps. The output of the Af phase detector is then the difference

frequency between the normalized carrier fregquencies.

Fhase of the modulation out of the loop phase detector

At the output of the loop phase detector of the 423.3 Mc channel,
Figure 3.1, the AVCO-1 must change in the same direction as the input,
Ah23. At the output of the L49.8 Mc channel, the AVCO-2 must change in
the opposite direction to the input, Al9.8. To obtain this opposite
polarity of AVCO frequency, the loop phase detector for the 49.8 Mc

channel must operate on the opposite slope of its detection characteristic
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curve than the 423.3 Mc channel loop phase detector. This opposite slope
causes output of the two loop phase detectors to be of opposite polarity

when the RF carriers are of the same relative modulation phase.

Amplitude phase detector

The carrier amplitude (amplitude detector phase output) is detected
with a 90° phase shifted reference signal. The phase lock loop holds the
output of the loop phase detector near zero volts. This occurs when the
reference signal is in quadrature with the input signal. Hence, the 90°
phase shifted reference signal is in phase with the signal in the ampli-
tude phase detector.

Thus, the output of the amplitude phase detector is proportional to
the amplitude of the phase locked signal at its input. This amplitude
is proportional to the signal to noise ratio in the IF noise bandwidth,
when the limiters in the IF are limiting on noise. See Appendix A (page A-10)

for the equation for A, a more exact expression for the amplitude.

Crystal filter in the first IF
The first IF crystal filter has a noise bandwidth of 45 kc. The two

crystal filters in one dual receiver are phase matched within 2° of each
cther over the middle 21 kc of the passband, and are phase symmetric about
the center of the passband within 20°. The amplitude is flat to within
0.25 8b over the center 21 kc passband. All this accuracy is to insure

that the phase of the modulation will be affected equally by both channels.

3.1.4 -~ TP Switch
The IF switch is used to establish the output of the modulation

phase detector for zero modulation phase shift at the inputs to the
recelver. Once this zero phase point is established, the modulation
phase detector output vs. modulation phase can be calibrated by changing
the modulation phase at the transmitters. ILittle error is expected; but
this will serve as a check.

The IF switch, upon a calibrate command, disconnects the 49.8 Mc

channel IF signal from the first mixer. It connects both first IF inputs
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to the same signal, the output of the 423.3 Mc first mixer. An internal
reset signal switches the IF switch back to normal operation. When the
input sigral to both channels is the same;, there is zero modulation phase
shift. This dces not compare the modulation phase shift in the RF and
first mixer stages, but since the first mixer stages have a bandwidth of
2 tro 3 Mc and the RF stages are even wider, they contribute little to the

uncertainty in the modulation phase measurement.

3.2 = Modulation phase comparator

The modulation phase comparator, Figure 3.1, measuresthe relative
vhase of the detected medulaticon from the two channels of the receivsr and
provides & dc cutput proportional to the relative phase. The phase com-
parator can measure the phase of signals st either 7.692 or 8.692 kec.

The two frequencies allow ambiguities up to 7 or 8 cycles of phase shift
to be resolved. The output is 0.2 v for -43° (317°), increasing linearly
to 2.8 v for 137°, and then decreasing linearly to 0.2 v for 317°.
Eowever, the modulation phase shift out of the receiver is 180° when the
inguts to the receiver have 0° modulation phase shift, as explained under
"Fhase of the modulation out of the loop phase detector'" (Section
3.1.%3). Therefore, the modulation phase comparator output shif+ts 180°
for modulation at the receiver input, to give 0.2 v for 137° and 2.8 v
For 317°. This triangular shaped output was used instead cf a linear
output for a 360° range in order to obtain an error of less.than 1 percen’
of 1 cycle, even though the spacecraft A-D converter quantizes to only

64 levels.

A brcad bandpass filter centered on 8 kc precedes the mixer. The
filtered signal (7.692 or 8.692 kc) is mixed with 8.192 kec; the output
is 5C0 cps. The 8,192 ke is 500 cps above the input fregquency for the
7.692 kc input, and 500 cps below for the 8.692 ke input. Hence, the
phase meter 1s sensitive to either of the two frequencies without switch-
ing.

Tre 500 cps signal 1s filtered and amplified; and fed to the phase
detector of a phase lock loop. The output of the phase detector goes

thrcugh a control network and a dc amplifier to a 1 ke VCQ. The VCO
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output is divided by 2 to provide a symmetrical 500 cps signal for the
vhase detector, and for phase comparison with the other channel.

The second channel is identical to the first. The 16.384 ke
pulses from the spacecraft are crystal contrclled, and are expanded into
the 8.192 kc square wave by an alternating flip flop. This flip flop
output is used for the mixers,

The symmetrical 500 cps signal, from the phase locked flip flop
from each channel, is cross correlated in the phase detector which is a
digital NAND gate. The phase detector output 1s filtered to eliminate
the 500 cps component and to provide additional filtering for the phase

measurement.

3.3 - Analog gates and gate selector

The analog gates stbcommutate the carrier amplitude and loop stress
onto an output line for each channel. 'There are two identical sub-
commubtation channels. Only the 423.3 Mc channel will be discussed. The
loop stress voltage ranges from 3 to 7 v; this is transferred to 3 to
0.2 v respectively and connected to the output via the electronic switch.
The carrier amplitude ranges from 5 to 3.5 v which is transferred to
0.2 to 2.85 v respectively and alternately connected to the same out-
put as the loop stress via another electronic switch.

The two electronic switches are sslected alternately by a flip
flép, which changes state with the scientific subcom pulse. This flip
flop is synchronized to the spacecraft subcommutation system via the

reset signal (see Section 2.4 for the source cf the reset signal).

3.4 - Counter register

The counter register accumulates the number of cycles of Af, and
shifts the count out periodically in serial form under spacecraft con-
trol. The Af phase detector output has a frequency response from O to
80 cps, with the low pass filter of the counter register connected.
Normally, Af will be biased to about 5 cpsg, to enable detection of posi-
tive and negative excursions of Af. The Schmi®%t trigger and following

amplifier shape the sinusoidal-like Af phaze detector output to drive
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the input of the 10 bit binary counter.

The 10 bits of the counter will not fit into one 6 bit spacecraft
word. Therefore, part of it must be sent in one word, and the rest in
the next word. The contents of the counter are non-destructively shifted
in parallel into the 10 bit serial shift register once every two words.
We have one word per frame. The frame rate pulse occurs at the beginning
of each frame, and is divided by two in a flip flop. Transition of this
flip flop to the zero state transfers the contents of the counter to the
shift register.

The time to shift out of the serial shift register is defined by
the word gate from the'spacecraft. Shift pulses are always present.

The word gate selec%s the group of 6 shift pulses in an AND gate. These
pulses are amplified and drive the serial shift register and its output
pulse amplifier. There is an output pulse for binary one and no pulse
for binary zero. The first word out of the shift register is the 6
highest order bits, highest order bit first. The second word is the L
lowest order bits, highest order bit first, followed by two binary zeros.

A reset pulse is initiated by the engineering frame pulse from the
spacecraft (occuring once every 64 frame pulses) and terminated one bit
time later by the next bit pulse. The reset is used to synchronize the
order of the words out of the shift register with spacecraft telemetry
format. The reset pulse is also used for telemetry format synchroni-
zation in the sample and hold circuit, and in the analog gates and gate

selector.

3.5 - Sample and hold

The sample and hold circuit, Figure 3.1, samples the carrier
amplitude alternately from the 423.3 Mc channel and the 49.8 Mc channel.
The "hold" function is necessary because the conversion rate of the
spacecraft 6 bit A-D converter can be as slow as 8 bps. The circuit is
used to measure the carrier amplitude (actually, signal to noise ratio)
versus spacecraft rotation for one rotation of the spacecraft (approxi-
mately 1 second). It is also used to obtain the instantaneous carrier

amplitude versus time for a measurement involving occultation by the
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mooOn.

Each carrier amplitude signal is filtered by a 10 cps low pass

- filter. ZEach filter ocutput is connected to an electronic switch.

Either one switch or the other is turned on for 0.5 msec during which
time the storage capacitor is charged to the same value as the input.
This value is held until the alternate switch is turned on. The low
input current hold amplifier, with a gain of one, follows the storage
capacitor. A level transfer circuit shifts the amplifier's output
voltage from a 5 v base line, going negative to 3.5 v, to an 0.2 v base
line, golng positive toc 3 v. This level transfer circult has a gain of
about two.

The switches are operated by the NANDing of a flip flop output,
which determines which switch will be operated; and a one shot output,
which determines the 0.5 msec sample time. The word rate pulse triggers
the one shot and changes the state of the flip flop. The reset input to
the flip flop maintains synchronizaetion with the spacecraft telemetry
format.

The sun pulse occurs once each spacecraft rotation, and defines the
angular position of the spacecraft. The 30 msec one shot, triggered by
the sun pulse, is two words long at the 512 bps rate. Hence, the clamp
will clamp the output to zero for -at least one whole word, marking the
angular position of the spacecraft. The sun pulse is ANDed with the
512 bps state so that at other bit rates, the sun pulse clamp will be

inoperative,

3.6 - Power Converter

The power converter, Figure 3.1; converts the nominally 28 v input
to the supply voltages required by the system: 12, 5, 2.5 and -3 v. The
28 v input is electrically isolated from ground snd from the output
supplies in order to eliminate the magnetic field due to ground currents.
The blocking oscillator power converter is a constant powexr type, over
a supplied input voltage range of 24 to 33 v. The cutput voltage change
of the blocking oscillator portion of the converter is about 100 mv for

a 9 v change in input. This voltage change is sufficiently low for the
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2.5 and -3 v supplies. A post regulator for the 12 and 5 v éupplies
gives an output voltage change of<0.5 mv for the 9 v change in input.

The 28 v input passes first through a high frequency filter (for
bloéking oscillator frequencies greater than 1 Mc), and then to an active
current limiter. The turn on and other transient current surges are
limited to less than 250 ma by the current limiter. A low pass filter
provides instantaneous peak power to the blocking oscillator and keeps
the blocking oscillator tranéients from the 28 v supply.

The blocking oscillator portion of the converter is controlled by
a feedback loop. The output voltage is compared with a zener reference;
the difference is amplified and used to control the blocking oscillator
base current.

The converter transformer provides 2.5 v and -3 v for direct use,
and 13.3 v for the post regulator. The post regulator for the 12 v com-
pares the 12 v with a zener, and the difference is amplified and applied
to the series regulator. An additional input from the 13.3 v supply
into the summing point further reduces the effect of input transients.

The 5 v is dropped from the 12 v through a zener diode.

A more complete description of the blocking oscillator converter
(without the current limiter or series regulator) can be found in

Reference 3.

20



T2

423.3Mc PHASE LOCKED RECEIVER

r——— —— ==

AMPLIFIER

I 24 9Mc-A423 7Mc +Aq23 I —_—— e e —— e —
I +18{ AVCOI~OREF) -17 AVCOl +18.8 REF I | .
_________ — — — = MODULATION PHASE COMPARATOR
| [ prase per | !
: | haz3 | a2

33 me
423.3 Me CHAN MODULATION | AMP 8

—17 (AVCOI-QAREF)=0
45KC NBW — & BANG PAS!

|
|
!
423307 t TOOP PHASE Ty FILTER FILTER
v aza|! XTAL FLTER | i | DETECTOR OUTPUT | rese xe :
1 | | |
| | | \ |
| | -—1—
| | 438 |
[l | [ oor | MODULATION | AMP 8 AMPLIFIER LOOP AMPLI-
I T TlamMPLIFIER LOOF STR ! 5592 BANDPASS 8 Bml;:ass PHASE DET| FIER 8 CONTRO |
K or FIL TWORK
|1 | ] | === 11382 e {riter oRk | |
PHASE 500
ll DET _I_—l—cumzn AMPLITUDE | e l | anaos out
I J | [FLoF] | SCt 5uB Com
747Mc | %3 | l LRLY
||+5(Avcu - AREF) MULTIFLIER , ‘ L — —_———— ————— PRASE DET (MODULATION
| ] O 16 384 ke CLOCK PLSE | NAND) 1 PHASE)
s e [ |
L = -
| I JE — ey
[ ___________ b | SAMPLE 8 HOLD |
49.8 Mc PHASE LOCKED RECEIVER I =’ ANALOG GATES I i |
7Mc+A49.8 1
VOLTAGE STORAGE
___ -38wvcoi- Baeri Avcoz | ! JAEVEL ll CONDENSER | |
r IF 1 [meFeREsE 05C Omalveo I | ANALDG OUT |
_— H ———————— | |-3AVCO| +2AREFz0
) T0oP : 49,8 MeCHAN | roe) [Vorrace SCI Su8 Com
Al's' xI: N%w 2nd nd ) bl fase | pass || Level e I( W: o |
= T F| TRA! 423.3Mc .
! 1|xraL FiLten MIXER 1] I oer ] pETao PRASE TR R ® AMPL.8 100P |
theag b L——_ & e B R | | | STRESS) VD
] 24.9 Mc-049.8 W - - —--1---= REFERENCE N ! TRANSFER
+3{AVCOI-AREF) | | :’vco 8 4Th MIXER |orommer fwcos) : O er | lf— jl I | VoLTaGE | CIRCUIT |
I | | - PHASE Le—vco2 ! [ AN LOOP_STRESS y TRANSFER ! | MAT D
l L Loey |- L i ) J| | | ANALOG OUT oUTPUT
| I [ VOLVEGLE lsc‘ws:a coM I
1 ASS "I TRANSFERS
.8 Mc CAR.
| ! | ot T T e |
A= pveor - Avcoz 1 { CARRIER AMPLITUDE [ sTRESS)
I | =049.8- % Aaz3 1 i |
| | 312 BPS STATE
L | I | °
P — T ——— — — —

CALIBRATE FLIP|FLOP RESET
PULSE | |

e iyt
——= COUNTER REGISTER U S
|
CounT
Cow 133y
FASS SCHMIDT INPUT BLOCKING ! +ay
Fiter || rriceen |7 4° 10 8IT COUNTER SErLATON 2| | REGULATOR _" |
oY e |
FRAME RATE amp) FLIP PULSE PARALLEL SHIFT GaTES| HICH ORDER P P +5"|
PULSE FLop AMP END | A |
bt | 365 |
SUB FRAME RESET il sy PULSE Aeuir ER[+(3) ATTENUATOR)
PULSE ZERD AL SHI ! AMPLIFIER[) GIGITAL OUTRUT | |
| FLIP| RESET |
FLOP] SERIAL SHIFT ' 1 ZEEFNEER%:E I
|
I AMP l L J
st puse o w0 |
WORD GATE |l |
- 4

Figure 3.1 - Block Diagram of the Whole Dual Channel Receiver






4. CIRCUIT DESCRIPTION AND SPECIFICATION FOR EACH SUBASSEMBLY

This section contains the specifications and circuit description
of each subassembly. Schematics, pictorial diagrams and photographs of
the various units are located at the end of the section beginning on
page 57.

Figures 4.2, 4.3, 4.4, and 4.5 are photographs which show the
location of subassemblies in the receiver. Table 4.1 lists pin connec-
tions for all external connectors. The frame A wiring diagram is
Figure 4.6 and frame B wiring diagram is Figure L.T.

The radio frequency modules were designed and constructed at TRW
Space Technology ILaboratories (STIL) and are described in Sections 4.1
through 4.6. The overall receiver design and the data processing and
support subassemblies were designed and constructed at Stanford Research
Institute (SRI). These subassemblies are described in Sections 4.7
through 4.13.

4.1 - Front End
Figure 4.8 is a pictorial diagram of the front end and Figure 4.9

is a schematic.

Specifications

423.3 Mc front end gain 18 dab (> 17 db)
Input and output impedance 50 ohms

4p3.3 Mc noise figure <5 db

423.3 Mc noise figure, corrected , < 6.5 db

for image

423.3 Mc 3 db bandwidth 2.3 Mc (< 2.6 Mc)
423,3 Mc image response -4 ap

42%.3 Mc channel L448.2 Me local
osc. level

At antenna input -22 db
At IF output -19 db
Interference in 423.3 Mc channel -66 db

due to 49.8 Mc channel
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49.8 Me front end gain 26 db (> 20 db)

Input and output impedance 50 ohms

49.8 Mc noise figure 3.4 db (€ 3.5 db)
49.8 Mc 3 db bandwidth 2.3 Mc (< 3.0 Mc)
49.8 Mc image response -30 db

49.8 Mc channel Th.7 Mc local
osc. level

At antenna input -52 dbm
At first mixer output -36 dbm
Interference in 49.8 Mc channel -72 db
due to 423.3 Mc channel
74.7 Mc input level (nominal)(PL3A) -10 dbm
Th. T Mc 418.2 Mc
L448.2 Mc X6 multiplier 50 ohm output O dbm - .8 dbm (-3 dbm <
level (junction of C603 and C616) vs. +
4.7 Mc input level: -5 dbm -1.0 dbm (-1 dom ;
-10 dom -1.25dbm (-6 dbm -
-15 dbm -2.8 dbm (-10dbm &
Maximum first mixer output (24.9 Mc) -27 dbm
level for measurements
Power 12 v 10.6 ma
5v 0.23 ma

Front end circuit description

At the top of Figure 4.9 is the 423.3 Mc channel RF amplifier

(Q602). This amplifier is a grounded base stage with neutralization
which allows higher gain. The transistor, an RCA 2N2857, was the lowest
noise figure silicon transistor available at the time of design. The
lowest noise figure ON2857's were selected for use in this stage.

The 423.3 Mc signal from the collector of the RF amplifier feeds
the base of the mixer stage, Q603, a Fairchild S7201 (2N918 with a non-
magnetic hat). The local oscillator frequency of 4uU8.2 Mc is fed through
a filter and 50 ohm matching network (T604 and C616) to the emitter of
the mixer. The local oscillator signal level is about -2 dbm at the
50 ohm input to the matching network, the junction of T60L and C616.

The collector of the mixer is tuned to 24.9 Mc, the first IF freguency.

A1l the adjustments are tuned for maximum output from the mixer, then

2h
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0602 is adjusted for best noise figure.

In the middle of the schematic are L transistors which form an X6
multiplier, for multiplying from Ti.7 Mc to 148.2 Me. Q609 is a grounded
base amplifier, used for isolation and amplification. T612 and T61L
are tuned to T4.7 Mc. Q605 is a tripler; 1ts collector (C625) is tuned
to 22k.1 Me. Q60L is an amplifier and Q601 is a doubler with its collec-
tor (C606) tuned to 448.2 Mc. T6OL is tépped. at 50 ohms to provide out-
put through €603 to the matching network, T60L and C616.

The tuning range of the capacitors and inductors in the X6 multiplier
is broad enough so that a stage intended to be an amplifier, may be tuned
as a doubler, etc. Each stage must, therefore, be observed with a samp-
ling scope or at several frequencies with a receiver to insure that it is
prerforming its intended function.

The RF amplifier and mixer stages for the 49.8 Mc input are shown
at the bottom of Figure 4.9. The RF stage, Q606, a grounded emitter stage,
is run mismatched for stability instead of neutralized, primarily to make
its gain comparable to that of the 423.3 Mc RF stage. The comparable
gain was desired to minimize cross talk between channels. The base input
(1604) and collector cutput (T613) are tuned to 49.8 Mc. The RF ampli-
fier is an RCA 2N2857, selected from those left after the best had been
chosen for the 423.3 Mc channel. This transistor provides a better noise
figure than the S7201 (non-magentic hat version of the 2N918), and is far
better than is necessary for the 8000°K cosmic noiset

The mixer, QH607, is fed with a 49.8 Mc signal at the base and with
the T4.7 Me local oscillator signal at the emitter. The collector load
of the mixer (T61L4) is tuned to 24.9 Mc.

A separate amplifier, Q608, provides the additional gain necessary
for the T4.7 Mc local oscillator signal while reducing the amount of
49.8 and modulated T4.T7 Mc signal going up the X6 multiplier chain.

All adjustments associated with the L49.8 Mc channel are made for

maximum output at 2L4.9 Mc. I604 is then adjusted for best noise figure.

h,2o - IF Amplifier
Figure 4.10 is a pictorial diagram of the IF amplifier, and Figure
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4,11 is a schematic. The receiver uses two identical IF amplifiers con-
sisting of an amplifier at 24.9 Mc; a mixer which converts the signal to
T Mc and, finally, a T Mc amplifier. There are limiters on four stages

of the IF amplifier.

Specifications

First IF amplifier center frequency 2Lh.9 Mc p 1 ke
First IF gain 54  db (> 50 db)
First IF input impedance (ETOL) 50  ohms

First output impedance (point "A" T705) 50  ohms

First IF 3 db ban&width (with crystal 45 ke

filter)

First IF bandpass ripple t 0.3 db

First IF crystal filter characteristics

Center frequency oh.9 Mc ¥ 1 ke
Phase match of matched pairs over I 2°
the center 22 k¢ of the bandpass
Phase symmetry about the center R-Yobs
frequency over the center 22 kc of
the bandpass
Noise bandwidth b5 ke
+
Ripple, center 22 ke bandwidth - 0.2 db
3 db bandwidth Lo ke
First IF 3 db bandwidth without crystal 1.h Me
filter
Maximum output of first IF which is -30 dbm
safely below limiting level (for gain
measurements )
Second mixer input center frequency 2L.9 Mc
Second mixer input impedance (point "A" 50  ohms
T706)
Second mixer local oscillator frequency 31.9 Mc
Iocal oscillator input impedance 50 ohms
Iocal oscillator input level (approx.) -3 dbm
Second mixer output frequency 7.0 Mc
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Gain of second IF amplifier, 87 dv (> 80 dv)
including mixer gain

Second IF center frequency T.0 Mc

Second IF output level, with 6 v pp

limiting (ET08)

Second IF output impedance (E708) will drive 1 k load
Second IF 3 db bandwidth 180 ke (< 400 ke)
Second IF output test point out- 50 "ohms

put impedance (ET06)

Maximum output level of second IF -10 dbm

output test point which is safely
below limiting level (used for
gain measurements)

Power 12 v 11.6 ma
5v 0.2 ma

IF Amplifier Circult Description

The upper half of Figure 4.1l is the first IF amplifier. This
amplifier has three transistor stages, with a stage gain of about 18 db.
The stages are mismatched by the resistor shunted across the collector
inductors to make tuning easier and insure stability. The crystal
filter determines the bandwidth of the first IF and of the whole receiver.
The input and output impedance of the crystal filter is 500 ohms resistive,
and is matched to the amplifiers with transformers T702 and T703. Capaci-
tor CT7LO is used to adjust for minimum ripple in the passband.

The last stage of the first IF has diodes across the collector
tuned circuit to provide the first stage of limiting. Input and output
impedances of the first IF amplifier are at 50 ohms to facilitate mea-
surements.

The lower half of the schematic is the second mixer, Q704, and
second IF. The signal input at 24.9 Me is through a 50 ohm impedance
matching transformer to the base of the mixer. The local oscillator sig-
nal of 31.9 Mc is injected into the emitter. A tuned network, C728 and
T707, matches the emitter to the 50 ohm local oscillator input, ET709.

The local oscillator input level is about -3 dbm. The collector of the

second mixer is limited with diodes across the ‘tuned circuit.
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The next three stages with individual gain of about 24 db make up
the 7.0 Mc second IF amplifier. The stages of this amplifier are mis-
matched by a resistor shunted across each collector inductor to make
alignment easier and the first two stages have diode limiters. The out-
put stage power amplifier, QT707, is adjusted to 6 v pp open circuit at
E708 on a limiting signal by selection of emitter resistor, RT727.

The output stage can drive its load (an emitter follower in the
following module) with almost no drop in output. Because the load is
capacitive, the output transformer, TT7ll, is retuned for maximum output
after the receiver has been assembled. The extra winding, E706, (TP701)

is a 50 ohm output for adjustment and measurement.

4.3 - Reference Oscillator

The reference oscillator module includes the 7 Mc reference oscil-
lator and buffer amplifier, and the loop and amplitude phase detectors
for the 49.8 Mc channel. Figure 4.12 is the pictorial diagram and
Figure 4.13 is the schematic.

Specifications

7 Mc oscillator frequency at 25°C 7.00000 Mc p 10 cps

T Mc buffer amplifier output level T dbm

(p204)

7 Mc buffer amplifier output 50 ohms

impedance

7 Mc variation with temp. -20° to less than = 300 cps

55°C

Signal input level (7 Mc) (P18RB) 6 v pp

Signal input impedance >1k

Amplitude phase detector output -1.5 v (with reference
(E906) (locked to strong signal) to the 5 v supply)
Amplitude or loop phase detector out- 3.0 v pp

put (strong signal, unlocked)

Amplitude or loop phase detector magnitude < 25 mv dc
unbalance (noise only for signal)

Amplitude or loop phase detector approx. 1 k

output impedance

Amplitude phase detector 3 db 16 ke

bandwidth
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Loop phase detector 3 db bandwidth 32 ke

T Mc reference oscillator signal 1.5 v pp

level at base of Q901

Power 12 v 15.3 ma
5w 0. ma

Reference Oscillator Circult Description

The T Mc crystal oscillator is shown in the lower right hand corner
of Figure 4.13. The transistor oscillator, Q905, has positive feedback
from the collector to the base via transformer T903. The 7 Mc crystal,
Y901, which is in series with the emitter, allows the stage to have gain
only near the series resonant frequency of the crystal. The diode,
CR9OL, rectifies some of the oscillator output to provide negative dc
feedback to control the amplitude of oscillation. When the oscillator
amplitude exceeds 5 v zero to peak at the diode, diode current will
begin to flow, thus taking current away from the emitter of the tran-
sistor. Oscillator stability is quite good and the output exhibits a
frequency shift of only about 15 cps with a 1 v change in either power
supply.

The buffer amplifier, QI904, provides the 7 Mc reference signal for
the 423.3 Mc channel phase detector module and isolates the crystal
oscillator and the phase detector driver inputs, Q901 and Q903, from the
load.

The T Mc input signal from the second IF output, drives the emitter
follower Q902. The emitter follower load is a toroidal transformer,
T90l, with trifilar windings to insure equal, in phase signals to both
phase detectors. The relatively large 5 ma dc emitter current is
necessary to provide enocugh driving power to the 1 k resistors in the
phase detectors.

The loop phase detector is at the top of the schematic, and includes
T905. T905 is driven by transistor Q90l, with a dc collector current of
about L4 ma. This relatively high power is required to drive the two
1l k resistors (R9lO and R9ll) in the transformer secondary, and the
relatively low Q of the transformer. The transformer is low Q to mini-
mize the effect of temperature on phase shift through it. The secondary

of the transformer is bifilar wound to obtain equal signals on both sides
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of the center tap.

The phase detector is simply a half wave switch, which connects
the junction of the diodes CR901 and CR905 (signal input) to the trans-
former center tap, wires Nos. 4 and 5. For the half cycle that the
switch is conducting, the input signal is averaged through the RC net-
work formed by R910 and RI911l in parallel and C915. During the non-
conducting half cycle, the RC network is not driven. The output, EJ05,
is biased to 5 v by connecting the T901l signal winding return to the 5 v
supply.

The amplitude phase detector which is driven by Q903 and T902 is
identical to the loop phase detector with the exception of a 90° phase
shift network between the oscillator signal and the base of Q903. The
phase shift network consists of the 200 ohm load R90l, phase shift
elements C9O4 and L1902, and compensation, €903, to make the network
resistive. The phase shift network has a Q of 1, is low impedance (200
ohms ), and hence, is quite phase stable. The output terminal is E906.

The phase detector diodes, CR902 and CR903, are connected to make
the sign of the amplitude output negative with respect to the 5 v supply.

4.4 - Phase Detector
The phase detector module contains the 423.3 Mc channel phase

detectors which are almost identical to those for the 49.8 Mc channel.
It also contains a frequency tripler to produce 21 Mc from the 7 Mc
reference oscillator signal. Figure 4.1l is the pictorial diagram and

Figure 4.15 is the schematic.

Specifications

21 Mc buffer amplifier output level -0.8 dbm (> -8 dbm)
(P15B)

21 Mc buffer amplifier output 50 ohms
impedance

T Mc reference oscillator input -6 dbm
level (P20B)

T Mc reference oscillator input 50 ohms
impedance
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Signal input level (7 Mc)(P12B) 6 v pp

Signal input impedance > 1k

Amplitude phase detector outmut -1.5 v (with reference

(E906) (locked to strong signal) to the 5 v supply)

Amplitude or loop phase detector 3.0 v pp

output (strong signal, unlocked)

Amplitude or loop phase detector magnitude < 25 mv

output (noise only for signal)

Amplitude or loop phase detector approx. 1 k

output impedance

Amplitude phase detector 3 db 16 kc

bandwidth

Loop phase detector 3 db bandwidth 32 ke

T Mc reference oscillator signal level 1.5 v pp

at the base of Q901

Power 12 v 13.5 ma
5 v 0.12 ma

Phase Detector Circuit Description

The 7 Mc reference oscillator signal is transformed from 50 chms
to 200 ohms by T907. The secondary of this transformer is returned to
5 v dec to provide base bias for the driver and tripler transistors.
Signal level at the transistor bases is about 1.5 v pp.

Q90L is a tripler, with its collector tuned to 21 Mc. The 21 Mc
signal is coupled to the output, E908, through a double tuned circuit
which provides additional attenuation to the undesired harmonics of
T Mc.

The amplitude and loop phase detectors are almost identical to
those in the reference oscillator module. The only difference is that
the diodes in the amplitude phase detector (CR902 and CR903) are
reversed in polarity in this module. The need for this is explained

in Section 3.1.3.

4.5 - Voltage Controlled Oscillator (VCO)
Figure 4.16 is the pictorial diagram of the VCO and Figure 4.17 is

the schematic. This module includes a voltage controlled oscillator at

31.9 Mc with its buffer amplifier, and the third mixer which produces
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4.7 Mc by mixing the third harmonics of 31.9 Mc and 7 Mc.

Specifications

VCO frequency at 5 v input 31.90000 Mc * 100 cps at 25°C

100 Bregseey varaticn S5 0 1oyt TS5 co

VCO gain 950 T 100 cps/volt

VCO input range (1:805) 5.0 3.0v

VCO buffer amplifier output level (PlLB,p19a) 1.0 dbm (> -1 dbm)

VCO buffer amplifier output 50 ohms

impedance

Th.T7 Mc output level (PL3B) ~10 dbm

T4.7 Me output level for reduced ~15 dbm

21 Mc input of -16 dbm

4.7 Mc output impedance 50 ohms

21.0 Mc input level (P15A) -6 dbm

21.0 Mc input impedance 50 ohms

Power 12 v 6.4 ma
5v 0.15 ma

VCO Circuit Description

The voltage controlled oscillator, Q804, is a grounded base ampli-
fier connected as an oscillator. The collector transformer (T808) out-
put is coupled through the crystal and a series tuned circuit to the
emitter. QB804 is a Fairchild ST7200 which is a 2N915 with a non-magnetic
hat.

The VCO collector circuit consists of T808, a powdered iron toroid
for minimum temperature coefficient, capacitor €830, variable capacitor
833, and negative temperature coefficient capacitor (N1500) ¢c8L2 for
temperature compensation. The variable capacitor is tuned for maximum
output in the center (31.9 Mc) of the band.

The VCO oscillation frequency is determined primarily by the
elements between the collector transformer T808 and the emitter of
transistor Q804 with crystal Y80]beirng the dominant element.

1808, 1804k, CV801, CV802, and (827 form a series resonant circuit,
which has an effect on the VCO frequeney by its phase shift. 1808 is the
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center frequency adjustment, and CV801 and CV802 are voltage controlled
capacitors (reverse biased diodes) which provide dec control of the VCO
frequency. (827 is a negative temperature coefficient capacitor (NT750).

Auto-transformer, T807, transforms the crystal impedance to change
VCO gain and it moves the position of the crystal impedance pole. By
this means, the phase vs. frequency characteristic of the crystal can
compensate for the non-linear voltage controlled capacitors thus giving
a linear fregquency vs. control voltage characteristic.

The buffer amplifier consists of Q805 and collector tuned circuit
T809 and C839. The amplifier stage is neutralized with €843 allowing
higher power gain and minimizing the effect of external signals enter-
ing the buffer amplifier on the VCO.

The rest of the circuitry in the module generates 74.7 Me from the
VCO and the external 21 Mc. Q803 is a tripler, with its collector
tuned to 95.7 Mc. The collector transformer (T806) output is coupled
through a double tuned circuit to the base of the mixer, Q802 (called
the third mixer). The double tuned circuit reduces the undesired har-
monics, especially the first and second, from the tripler.

The external 21 Mc signal is fed into the emitter of the mixer
at a -6 dbm level. The collector of the mixer is tuned to the difference
frequency Th.7 Mc.

The mixer output is filtered first through the double tuned circuit
which includes T804 and T803, and then through the crystal filter FIB03.
This filtering reduces potentially troublesome, undésired mixer pro-
ducts. The crystal filter has a 6 kc 3 db bandwidth. TIts 500 ohm
input and output impedances are matched with T803 and T802. These two
transformers are initially adjusted for maximum gain, then slightly re-
adjusted for minimum ripple in the passband.

The signal presented to the base of output amplifier QB8O0L is about
300 mv rms (high impedance measurement). The stage is neutralized to
obtain higher power gain and provides an output of about -10 dbm at
50 ohms.
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4.6 - Voltage Controlled Oscillator (VCO) and Fourth Mixer

Figure 4.18 is a pictorial diagram and Figure 4.19 is the VCO and
fourth mixer schematic. The VCO and its buffer amplifier are identical
to those in the VCO module. The fourth mixer is a phase detector which
compares the VCO frequency in this module with the frequency of the
oscillator in the VCO module.

Specifications
VCO frequency at 5 v input 31.90000 Mc I 100 cps at 25°C
oot Yavae She ot ity less than 1100 ove
VCO gain 950 T 100 cps/volt
VCO input range (E505) 5 t 3.0 v
VCO buffer amplifier output level (P17B) 1.0 dbm (> -1 dbm)
VCO buffer amplifier output 50 ohms
impedance
Af (fourth mixer) output level (E507) 3 v pp
Af output impedance 50 k
Af 3 db bandwidth (without additional 350 cps
filtering)
Af input frequency (PL9B) 31.90000 Mc
A input level 230 mv rms’
A input impedance 900 ohms
Coupling through the phase detector -60 db
Power 12 v 4.5 ma
5 v 0.13 ma

VCO and Fourth Mixer Circuit Description
Operation of the VCO (Q504) and its buffer amplifier (Q505) is the

same as described for the VCO module in Section L4.5.

The buffer amplifier output from T509 drives the base of the phase
detector amplifier, Q503, which is tuned to 31.9 Mc by selection of
C512. The phase detector amplifier, in addition to gain, provides some
isolation between the two VCO's and between the two second mixers (in
the IF modules)., R515 swamps out amplitude variations due to change of

collector resistance or transformer Q with temperature and reduces the
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sensitivity of the tuning peak to temperature. The amplified signal
appears at the secondary of T502. This secondary is part of the phase
detector.

The signal from the other VCO buffer amplifier (in the VCO module)
is applied to the base of phase detector amplifier Q502. This ampli-
fier is tuned by selection of C505, and provides isolation as well as
amplification. The collector resistor, R51k4, makes the output less
sensitive to temperature.

The signal from T502 and the signal from the upper half of the
secondary of T501 are added and peak detected by diode CR501 and capa-
citor C508. The signal from T502 and the signal from the lower half of
the secondary of T50l, are added and peak detected by diode CR502 and
capacitor C509. The diodes are polarized to give a positive voltage
(relative to the 5 v supply) across €508, and a negative voltage across
C509. The difference between these two peak detected voltages is
obtained from the summing resistors R506 and R507.

The voltage across C508 is the most positive when the voltage
across T502 and the upper half of T50l are in phase. Because of the
phase reversal of the bottom half of T501, the sum of voltages across
T502 and the bottom half of T501L is at a minimum. Therefore, the vol-
tage across CH09 is least negative, and the output of the summing
resistors is positive. When the output of TH502 shifts phase by half a
cycle, the situation is reversed and the output of the summing resistors

is negative.

4.7 - Ioop Difference Amplifier

The loop difference amplifier is a feed back amplifier which pro-

vides de gain and includes the lag-lead network for the phase lock loop.
Figures 4.20 and L4.21 are pictures of the amplifiers and Figure 4.22 is

the schematic.

Specifications

DC gain approx. 20

DC offset at output (with input magnitude < 100 mv (relative to
connected to the 5 v supply) 5 v supply)
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Frequency of zero in response

for L423.3 Mc channel 8.1 cps
for 49.8 Mc channel 4.1 eps
Gain at 1 ke
for 423%.3 Mc channel 9.k x 107
for 49.8 Mc channel 0.113
Input impedance (approx.) 25 k
Output impedance
at 1 ke 20 ohms
at de LOO ohins
Amplifier open loop g, 75 mmho
Power 12 v 0.70 ma
5 v (no input 0.01 ma

signal)

Loop Difference Amplifier Circuit Description

This amplifier is two cascaded difference amplifiers. The summing
point for the feedback is the base of Q20l. The output is fed back to
the summing point through feedback elements R209, R206, €202 and C206.
The input is connected to the summing point through R203.

R209
R203

The dc gain =

1 1
c202

The frequency of zero in response =
1
2 R206 - —
2 g, of amplifier

R206 - 1
gm of amplifier

The gain at 1L ke =

R203

0202 and C206 are identical tantalums connected back to back to

make a non-polar capacitor. See Appendix A,5 for the expressions used
in selecting feedback component values.

The amplifier is designed to limit at 5 : 2 v to prevent turning
the VCO off with too large an input excursion, and to insure that the
nominal T4%.7 Mc signal is within the crystal filter passband (in the
VCO module)., The divider, R212 and RP13, prevents the output from

being less than 3 v. Current through emitter resistor of the output
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stage, R211, is Just enough to provide T v output with Q204 full on
and Q03 off. Diodes CR203 and CR204 prevent voltage saturation of the
input and the output stages when overdriven, and help to keep the out-
put from exceeding T v.

One of the two diodes, CR201 and CR202, temperature compensates
the base emitter diode of the output stage to keep the output stage
operating point constant. The other diode temperature compensates the
effect of base emitter diode of the input stage on the operating point
of the output stage.

The input stage transistors are matched for base-emitter voltage
within 5 mv over a temperature range of -20° to +60°C and within 10 per-

cent for h The base current of QR02 will cause the same voltage drop

across REOgEas the base current of QRO1 will across R203. The input
stage is run at relatively low current (75 pa in each transistor) to
minimize the effect of changes in base current. This current is large
enough to drive the second stage even if the second stage transistors
had an hFE of only 1k.

The lag-lead network R210 and C203 is added for stability as is
bypass capacitor C201l. (€204 is added across the output so that no load
operation and operation when driving the 10 nf VCO capacitor will not
be very different in terms of frequency breakpoints in the open loop
response.

Ioop stress is defined as the voltage at the input to the VCO,
which is the output of the loop difference amplifier. The loop stress
voltage which goes to the analog gate and gate selector for
subcommutation is decoupled from the amplifier output by the low pass
filter RP14 and C205.

4.8 - IF Switch
The IF switch is a broad band, single pole, double throw switch,

operating at a 50 ohm impedance level. The switch is controlled by a
flip flop and an amplifier. Figure 4.23 is a picture of the switch
portion and Figure 4.24 is the overallschematic. The flip flop portion
is part of the circuit board in Figure L.29.

37



Specifications

Switch closed insertion loss <5 db

Switch open insertion loss > 70 db
Input impedance level
- Switch closed 100 ohms
Switch open >1lxk
Control signal for switch
On 3 vat 1.7 ma
off 0 v
Calibrate signal 10.5 v, 10 us pulse
Reset signal 2 v, > 15 us
Power 5 v 1.8 ma

IF Switch Circuit Description

The circuit consists of two parts: the switch portion, which is
in the upper half of the schematic, Figure 4.2L4; and the control portion,
which is in the lower half of the schematic.

The switch is made of two identical sections, the right and the
left halves. Normally, the switch control voltage at E221 is 0 v and
at E222 is 3 v. In this state, the two series diodes, CR201 and CR202,
are conducting 1.6 ma, their total series resistance is redﬁced to about
.50 ohms and the left hand switch is conducting. The base of the shunt
transistor, Q205; is blased to O v so it is not conducting. Coupling
through the base collector capacity 1s bypassed by capacitor C203 to
keep the signal off the control lead.

The right hand side of the switch is open. The series diodes,
CR203 and CR204, are biased to zero volts and have an impedance of 2 to
3 pf each. The shunt transistor is biased on and looks like approxi-
mately 20 ohms. Bypassing and decoupling of the control leads reduces
coupling around the switch through the control leads. Inductors I204
and I201l are added to provide a dc path to facilitate testing. The
TI SM6316 transistor is a 2N2432 with a non-magnetic hat. This chopper

type transistor has some reverse hFE and a lower saturation resistance

than the Fairchild SPOL58.

When the control voltage is reversed, the switch control voltage
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at E221 is 3 v and at E222 is O v; the left hand switch changes from on
to off, and the right hand switch changes from off to on.

The control flip flop is made up of QRO2 and Q203. The calibrate
pulse is amplified and coupled to the flip flop via trigger transistor
QROL. The -3 v bias on the base of this transistor makes it less sensi-
tive to noise. Resistor R201 limits the input pulse current and pro-
tects the trigger transistor. The flip flop is reset by the reset
pulse at the base of Q20L4. The reset pulse is generated in the
counfer register.

The flip flop drives a saturating amplifier whose emitter resistor
is, therefore, comnected to either one side or the other of the switch
control. Thé amplifier is necessary both to conserve current, and to drive

the 10 nf bypass capacitors on the switch control lines.

4.9 - Modulation Phase Comparator

The modulation phase comparator measures the relative phase of two
audio signals, either 7.692 or 8.692 kec. It consists of two phase locked
loops for filters, and a phase to voltage converter. Figure 4.26 is the
phase lock loop schematic, of which two are used; Figure 4.25 is a photo
of the printed circuit. Figure 4.28 is the phase detector schematic and

Figure 4.27 is a photo of the printed circuit.

Specifications

Input frequency (E1lhk) 7.692 or 8.692 ke ¥ 2 cps
Input voltage level O.4 to 3 v pp
Input impedance 50 k

Design level of spectral density 3.1 x lO-5 v/cps
of input noise, No,(one sided)

Design signal level 0.4 v pp

Loop noise bandwidth at design 67 cps

signal level, B, (at input to

the synchronous detectors)

Icop 3 db bandwidth at design signal L2 cps
level
Phase detector filter 3 db bandwidth 0.06 cps
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Bms phase error vs. signal level
with design level noise present

3 v pp signal level 0.17° rms
1 v pp signal input level 0.5° rms
0.4 v pp signal level 1.1° rms
Phase error vs. temperature -20° < 3°
to +60°C

Output voltage (L423.3 Mc channel
is reference phase) (EL12)

Iinear from 0.2 to 2.8 v for 317° to 137°
Linear from 2.8 to 0.2 v for 137° to 317°

Output impedance 1lk

Output current (positive current -40 to +10 pa

is out of the output)

16.384 ke clock (input) 11 v, 2 us pulses

Power 12 v 1.25 ma
5 v 0.15 ma
-3 v 0.18 ma

Modulation Phase Comparator - Section I. Circuit Description

The 10 to 1 voltage divider at the input R139 and R140 (Figure L4.26)
provides a decoupled, relatively low impedance (10 k) loop phase detector
output for the GSE (test) connector.

The input signal is filtered by an 8 kc center frequency band pass
filter. The filter is made up of a high pass filter, RLOL and C1l0l, and
a low pass filter R103 and Cl02, with the isolating emitter follower,
QLOL, in between. Both filters have 3 db points at 8 kec.

The modulation frequencies, 7.692 kc and 8.692 kc, were chosen to
be, respectively, 500 cps below and above the mixer frequency, 8.192 kc.
Thus, the output of the chopper type mixer, QL02, is 500 cps when either
modulation frequency is present.

The 500 cps band pass filter following the mixer consists of a
cascaded low pass and high pass filter. The mixer output drives the
emitter follower, QLO3, which drives the low pass filter RL08 and C103.
The low pass filter drives the emitter follower QLO4 which drives the
high pass filter C1lO4 and R110.
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The center frequency of the 500 cps filter for the 100A (49.8 Mc
channel) board is TOT cps, which causes a phase shift of 19.6°. The
center frequency of the 500 cps filter for the 100B (L423.3 Mc chamnel)
board is 328 cps, which causes a phase shift of -23.5°. The 49.8 Mc chan-
nel thus has a phase shift of +43° relative to the 423%.3 Mc channel.
This phase shift is added to move the 180° calibrate phase from the
receiver output away from the 2.8 v corner of the triangular shaped
phase detector output, for these corners become rounded in the presence
of noise. Rounding beginsabout 30° from the corners at the design level
of signal and noise.

The 500 cps filter output is amplified about 20 times by a feed-
back amplifier. The overall gain from input (E1llL) to output of the
amplifier (emitter of QLO7) is 2. The amplifier has a high pass 3 db
point of about 320 cps, as determined by R114 and C105. It is made up
of amplifiers Q105, Ql06 and output emitter follower Ql07. The feedback
loop, R112 and R118, also determines the dec operating point of QLO7.

The loop phase detector consists of the two synchronous detectors,
Q109 and Ql10. These chopper transistors are inverted to reduce their
offset voltage and have a minimum reverse hFE of k. They operate as
half wave detectors 180° out of phase with each other by virtue of being
switched from opposite sides of the 500 cps flip flop. The outputs
drive opposite sides of the difference amplifier, Qll2 and QL1l3. Between
each detector and the input to the difference amplifier is a lag-lead
network which controls the bandwidth of the phase lock loop. R124, R126
and Cl1l1l comprise one lag-lead network and R127, R129 and Cl1l2 comprise
the other. Since the reverse voltage developed across Clll and Cll2 is
conaiderably less than 0.1 v, ordinary polar tantalum capacitors are
used.

The difference amplifier controls the frequency of an astable
multivibrator (the VCO) by changing the voltage applied to the base
resistors. Resistor R137 is selected to make the VCO operate at exactly
1 ke. '

The 1 ke VCO signal then drives the 500 cps flip flop. The flip

flop output swings between O v and about 10 v, and is dc coupled to the
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synchronous detectors. The flip flop output is exactly symmetrical;
therefore;, the transitions of the flip flop correspond exactly to the
90° and 270° phase points of the input to the phase lock loop (assuming
zero phase error). This phase relationship makes the phase detector
relatively simple.

Modulation Phase Comparator - Section IT. Circuit Description

Figure 4.28 is the schematic diagram. The phase detector is a
NAND gate, made up of QLO4 and QLOS. The signal from the 500 cps flip
flop in each of the two phase lock loop channels is ac coupled to one
of the NAND gate inputs. The ac coupling allows the phase detector to
operate at ground level. As the phase changes, the NAND gate conduction
time will vary between being continuously on (0 v output) to being on
half the time (3 v output). The voltage divider R114 and R115 provides
a 6 v source, which averages to 3 v when conducted to ground half the
time by the NAND gate.

A low output impedance is provided for the NAND gate output by
NPN emitter follower Ql06. Q107 acts as a constant current source for
the emitter follower. The .06 cps low pass filter, R117 and C108,
removes 500 cps pulsations from the NAND gate output,; and filters out
most of the rms phase error due to noise from the phase lock loops.

PNP emitter follower QLlO8 provides approximately a 1 k output
impedance and its base-emitter voltage nearly cancels that of the pre-
vious NPN emitter follower QLO6. The output emitter follower can only
supply current flowing into the emitter follower. This is the correct
polarity for the spacecraft load. Base resistor R119 and collector
resistor R122 are current limiting resistors to protect QLO8 and C108
if the output should be connected to an incorrect voltage.

The 8.192 ke square wave for the 8 kc converter is derived from
the flip flops, QLO2 and QL03. This flip flop converts the spacecraft
pulse train into a signal for the two 8 kc mixers which are driven from
opposite sides of the flip flop.

A 16.384 ke, 11 v, 2 ps pulse from the spacecraft drives the flip
flop trigger amplifier. To improve noise immunity, the amplifier is

biased to 5 v, which the input signal must overcome before causing it
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to trigger. The series base resistor, RLOL, limits base current.

4,10 - Analog Gates and Gate Selector

The carfier amplitude (amplitude phase detector output) and the
" loop stress (VOO control voltage) from each channel are subcommutated
onto one subcom ocutput for each channel. The subcommutated voltages
are translated from a 5 v reference to a normalized 0 to 3 v output.
The state of the subcommutator alternates with the scientific subframe
rate pulse. The reset pulse maintains subcommubtator synchronization
with the spacecraft data format.

Figure 4.29 is a photo of the printed circuit and Figure 4.30 is
the schematic.

Specifications

49.8 Mc channel carrier amplitude and loop stress are subcommu-
tated onto one output (scientific subcom word no. 2)

423.3 Mc channel carrier amplitude and loop stress are subcommu-
tated onto one output (scientific subcom word no. 11)

Carrier amplitude input 5 v to 3.5 v

Corresponding subcom output (with 0.2 v to 2.85 v
Thevenin equivalent = 4.75 v, 465 k
of output load connected)

Ioop stress input Tv to3 v

Corresponding subcom output (with 0.2 vto3v
output load Thevenin equivalent =

4,75 v, L65 k)

Subcom ocutput impedance 11 k
Scientific subframe rate pulse 11 v, 10 ps
input (subcommutate pulse)

Reset pulse 2 v, > 15 us

Analog Gates and Gate Selector Circuit Description

The gates are on the left of the schematic, Figure 4.30. The
gates at the top and at the bottom of the schematic are identical.

A simplified diagram of a single gate is shown in Figure 4.1, with
the gate on. The base emitter voltages of the NPN Ql, and PNP Q2 emitter
followers approximately cancel, so the emitter voltage of Q2 is nearly

the same as the input. Since 99 percent of the emitter current of Q2

b3



INPUT

OUTPUT

Figure 4.1 - Simplified Schematic of a Single Gate

comes out of its collector, the voltage gain of the gate is RC/RE. The

output is O v when the input = V__ and increases positively, as the input

EE
increases negatively from VEE' Transmission through the gate is inhibited
if the voltage at the bottom of the emitter resistor of QL is made more

positive than VEE'

The loop stress gate and the carrier amplitude gate share a common
output collector resistor. Since only one of these two gates is on at
a time, the subcommutated output is taken at this resistor.

The loop stress gate has a gain factor of 0.75, and a VEE of T v.
The output is O v for an input of 7 v and the output is 3 v for an input
of 3 v. The amplitude phase detector gate has a gain factor of 1.75, and
a VEE of 5 v. The output is O v for an input of 5 v and is 2.85 v for an
input of 3.5 v. A 0.3 cps 3 db point low pass filter (R201 and C203,
R202 and C202) averages out variations in the carrier amplitude signal.
The variations occur because nulls in the antenna pattern amplitude modu-
late the signal as the spacecraft rotates at 1 cps.

The gates are controlled by the flip flop, Q209 and Q210. It has

an output of either O v or 10 v, and drives the emitter resistor of the

Ly



first emitter follower of the gates. The two gates which share the same
output are connected to opposite sides of the flip flop. The scienbific
subframe pulse drives the count input of the flip flop through amplifier
QR1ll. The base of amplifier Q211 is biased at -3 v to prevent trigger-
ing on noise. R218 limits the input pulse current and the amplifier
output is only 6 v to prevent exceeding the 5 v base-emitter reverse
voltage rating of the flip flop transistors. '

The reset amplifier, QRl2, requires a 2 v pulse. The reset pulse
occurs simultaneously with each fourth scientific subframe rate pulse,
and lasts longer than the subframe rate pulse to insure resetting. The
carrier amplitude is connected through the gates to the subcom output

after the reset pulse.

4.11 - Counter Register

The schematics of the counter register are shown in Figures 4.33
and 4.35. Photographs of the printed circuit boards are presented in
Figure 4.32,and Figures 4.31 and L.34 are related schematics.

The counter register accumulates cycles of Af from the Af phase
detector in a 10 bit counter. The counter contents are non destructively
parallel shifted into a serial shift register every alternate frame rate
pulse. By command of the word gate, once each frame, six bits are
serially shifted out of the shift register. Synchronism of the parallel
shift with the spacecraft format is accomplished by the engineering sub-

frame pulse (which occurs once every 64 frames).

Specifications

Af input amplitude (E309) 5viosy

Af trigger levels 5 v Yow vy

AT input impedance 0.0L4T pf in parallel
with 500 k

Af input 3 db bandwidth (with the T0 cps

50 k source impedance of the AT

phase detector)

Engineering sub-frame pulse input 11 v, 10 us

Frame rate pulse input 11 v, 10 us

Shift pulse input 11 v, 10 us
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Word gate input 10 v on
0 v off

Digital output ' 10 v, 10 us pulse for
binary one

0 v for binary zero

Order of output - During the first word gate after the engineering sub-
frame pulse, the higher order six bits of the counter are shifted out,
highest order bit first. During the second word gate after the engineer-
ing sub-frame pulse, the lower order four bits are shifted out, highest
order bit first, followed by two dummy zeros. This pattern repeats with
successive word gates.

Counter Register Circuit Description

Most of the counter register is made of Texas Instrument, SNR51,
integrated circuits in order to save weight. The SNR5Ll circuits were
employed because they used less power than other integrated circuits
available at the time.

As shown in Figure L.35, the Af input is first filtered with
capacitor C304. Combined with the 50 k source impedance, this capacitor
makes a low pass filter having a 3 db bandwidth of 70 cps. The emitter
coupled, Schmitt trigger has an 0.8 v hysteresis which is centered on
5 ve Emitter follower, Q3505, provides additional power for the positive
going output to drive the input of the £N301H (SNR5LL4), a single
transistor amplifier which is used to drive the first SNRS510 flip flop
in the counter chain.

Five circuit boards (A through E) constitute the 10 bit counter and
10 bit serial shift register with each board containing a two bit counter
and two bit serial shift register. One flip flop directly drives the
clock pulse input of the following stage. The counter is a single stage
shift register with its output crossed and fed back into itself. The
preset input of the counter flip flop is grounded to prevent amplifi-
cation of Ico in the preset transistor, and to prevent extraneous con-
ducting paths to the preset input from causing false triggering.

The serial shift register also consists of SNR510 flip flops. A
negetive step on the clock pulse input shifts the contents one place to
the right. The input of the left most shift register, Figure 4.35, is
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connected to binary zero. As bits are shifted to the right, zeros take
their place and, after 10 shifts, the serial shift register contains
all zeros.

With the serial shift register in the "all zero" condition, the
parallel shift of binary ones from the counter is possible without hav-
ing to provide a parallel shift for binary zeros. If the counter flip
flop is in a one state at @ = 2 v,'a = 0 v, a parallel shift pulse into
the parallel shift gate (%_stslu) sets the serial shift register to
binary one (Q = O v, @ = 2 v). Note the definition of binary one in
the counter is opposite to its definition in the serial shift register.

The shift pulses are a continuous, uniformly spaced, string with
every seventh pulse missing (see Figure B - 2). The word gate brackets
the group of 6 bit pulses which are to be used to serially shift the
contents out to the spacecraft. The gated shift pulses are obtained by
ANDing the shift pulses with the word gate. The AND gate is made up of
Q303 and Q302, which are connected in series. Shift pulses. cannot get
through when the word gate is at O v, but can get through with the word
gate at 10 v. The emitter of the shift pulse AND gate transistor, Q303,
is biased to 2.5 v to prevent noise up to about 5 v on the shift pulse
input from getting through, and to prevent a signal of up to 2.5 v on
the word gate input from letting shift pulses through. The negative
pulse developed by the AND gate is ac coupled to the non-inverting power
amplifier, N301G, (SNR517) which in turn drives the serial shift line of
the serial shift register with negative going pulses (2 v to O v).

The output of the 10 bit serial shift register drives input
resistor R318 of the output pulse amplifier, Q306 and Q307. The
capacitor, C309, is driven from the serial shift pulse line. When a
binary zero is shifted out, the input to R318 is at 2 v, which reverse
biases diode CR303 and prevents the negative going shift pulse from
passing through. For a binary one, the input to R318 is 0 v, which
biases the diode to O v. Now the negative going shift pulse is con-
ducted through the diode and turns off amplifier Q306. The collector
output of Q306 is power amplified by emitter follower Q307 to provide
a short rise time. At the end of the shift pulse, Q306 is turned on.
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The collector of Q306 is connected to the output through diode CRHOF,_
which provides a short fall time. The pulse generator output is ac
coupled to the digital output terminal to preveﬁt damage to the output
circuitry should the digital output be shorted or connected to a dec
voltage.

The parallel shift pulse occurs with alternate frame rate pulses.
The frame rate pulse is amplified by N30LlH (%;SNR51H) which drives the
clock pulse input of counter N302F (SNR510). The counter output is
differentiated by C310 and R320, and power amplified by the pulse
amplifier N303F (SNR517). The N303F pulse amplifier drives the parallel
shift line with a negative going pulse (2 v to O v).

The reset pulse circuit is made from the two halves of N301F
(8N514A), connected as a flip flop, with dc inputs on both sides. The
engineering sub frame pulse sets the flip flop so the reset output is at
2 v. One bit time later, the shift pulse resets the flip flop so the
reset output is at O v. There is no shift pulse when the engineering
sub frame rate pulse occurs.

The three external pulses drive the SNS51LA inputs through voltage
dividers, which reduce the pulses to the voltage level required, limit
the input current, and raise the input threshold from 0.6 v to about
2.5 v.

4,12 - Sample and Hold
Figure 4.36 is a photo and Figure 4.37 is a schematic of the

sample and hold circuit.

The two amplitude phase detector outputs provide the two inputs
to the sample and hold circuit. Each input is sampled alternately at
the word pulse time, and the instantaneous amplitude held (up to 1 second)
to give the spacecraft analog to digital converter time to convert. The
sun pulse causes the sample and hold output to be O v for 30 ms (= 2 word
times ), when the spacecraft is operating at 512 bps. The sun pulse marks
the time when the spacecraft is at a known angular position relative to

the sun.



Specifications
Input voltage level 5v to 3.5 v
Input 3 db bandwidth, with 1 k _ 10 cps

source impedance of the amplitude
phase detector output

Input impedance '15 pf

Output voltage level (with 4.75 v 0.2 v to 2.9 v,

4,65 k Thevenin equivalent output corresponding to an

load) input of 5 v to 3.5 v
respectively

Hold voltage drift rate < 0.07 v/sec

Output impedance 11 k

Hold amplifier gain 1.00

Level transfer circuit gain 1.87

Word rate pulse 11 v, 10 us

Reset dinput 0 v to 2 v pulse, > 15 us

The reset pulse causes the 423.3 Mc channel amplitude phase detector
to be sampled if the word pulse occurs simultaneously.

Sun pulse input 10 v, 10 us
Bit rate 512 level input 9 v when on

O v when off
Effect of sun pulse, with bit rate Qutput voltage clamped
512 input on. This effect is to 0.2 v for 30 ms
inhibited with the bit rate 512 after the sun pulse
input off.

Sample and Hold Circuit Description

The word rate pulse is amplified by Q202, which triggers the 0.5 ms
one shot and the flip flop. The input to this trigger amplifier is biased
to -3 v, to provide about 4 v of noise immunity. Resistor R2O4 is con-
nected in series with the trigger transistor base to limit current.

The 0.5 ms one shot, Q204 and Q206, is standard, with the addition
of negative bias on the quiescently off transistor, Q204. This bias
eliminates the effect of 0.2 v pulses which feed through from the trigger
iﬁput to the base of Q204, via the base-collector capacities.

Amplifier Q201 resets the flip flop when the reset pulse changes
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from O v to 2 v. This résetting keeps the subcommutator flip flop in
synchronism with the spacecraft data format. The reset pulse is long
enough (& 1.9 ms) to overcome the effect of the simultaneous word rate
pulse. The first word after the reset will be from the 423.3 Mc channel.

The flip flop is triggered simultaneously with the 0.5 ms one shot
and its outputs are individually NANDed with the one shot output in the
NAND gates Q207 and QR08. The flip flop output to the selected NAND
gate is O v, and to the unselected NAND gate is 3.5 v. The one shot in-
put to the NAND gates goes from 3.5 v to 0O v for 0.5 ms which allows the
selected NAND gate output to go positive for 0.5 ms. This positive out-
put makes the sample gate transistor Q209 or Q210 éonduct. The sample
gate transistor has a reverse hFE of about 3, so that current can flow
either way through it.

Tn less than 0.3 ms, the 0.1 uf capacitor, C208, (mylar for low
soakage) is brought to within 10 mv of the input. The offset is 10 mv
or less because of the sample gate transistor reverse hFE' The 15 pf
input capacitors, C206 and C207, provide an instantaneous source of charge
for the hold capacitor while lowering the 3 db bandwidth to 10 cps (the
input has a 1 k source impedance).

The gate transistors are connected in the forward (high hFE)
direction to make the hold capacitor (C208) voltage go negative. Hence,
the hold capacitor voltage can go negative more quickly than it can go
positive. Due to inversion by the transfer circuit, Q222, the output
goes positive more quickly than it goes negative. The A-D converter
required that for inputs > 1.5 v (half scale), its input must exceed
1.5 v less than 120 ps after the word rate pulse. For inputs < 1.5 v,
the input can teke as long as 1 ms to become less than 1.5 v.

The hold amplifier is a unity feed back amplifier made up of two
cascaded difference amplifiers. The first stage has low input current
(<3 na) to keep from discharging the hold capacitor too quickly. The
hold capacitor is as large as practicable to minimize the effect of the
input current. The input stage consists of emitter followers, Q14 and
QR15, driving the difference amplifier, Q216 and Q217. The emitter

follower has the 44 M emitter resistor to decrease the transient response
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time, although this increases the input current. Q214 and QR15 are a
matched pair as are QRl6 and QRl7. They are matched within 5 mv for
base-emitter voltage over a temperature range from -20° to +60°C, matched
for hFE within 10 percent and are high hFE units (> 150 at 0.1 ma). The
difference amplifier is run at only 2 pa per transistor to further reduce
input current.

One of the two diodes CR205 and CR206 temperature compensates for
the base-emitter diode of the second stage, Q219 and Q220. The other
diode compensates for the effect that the base-emitter diodes of the
first stage have on the operating point of the second stage.

The output of the second stage is connected through emitter follower
QP22 to the feedback pointof the input stage, the base of Q215. Thus,
the voltage at the base of Q215 is the same (within 10 mv) as the hold
capacitor voltage (base of Q2l4k). The voltage across emitter resistor
R2L1 is the same as on the hold capacitor. All the current through R2Ll
goes into the emitter of Q222, and 99 percent comes out of the collector of
QR22. The emitter voltage of Q222 is, therefore, transferred to its
collector resistor with a gain of REMQ/REMl and is the Format D output
voltage.

The sun pulse and the 512 bps state are ANDed in the gate made up
of @211 and Q212. With the 512 bps state below about 5 v, the current
through R2P22 due to the sun pulse gets shunted through Q211 to ground.
With the 512 bps state above 5 v, the current will go through Q212 and
trigger the 30 ms one shot. R203 in series with the base of Q211 insures
the input impedance will be greater than the 48 k required for this line,
and protects Q211 from accidental excessive base current. Bypass capa-
citor C205 provides an instantaneous low source impedance for the base of
Q@R11l. R221 helps to discharge the diode OR gate output in the space-
craft, which drives the sun pulse line but has no return to ground.

CR203 and CR20O4 prevent the 5 v base-emitter reverse breakdown ﬁoltage
from being exceeded.

The 30 ms one shot is standard, except that negative bias is
supplied to the normally off transistor, Q213, to keep the 0.2 v pulses
fed through the gate from having any effect. The timing capacitor C209
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is mylar to enhance temperature stability. The sun pulse clamp, QR21,
clamps the Format D output to about 0.2 v for the duration of the 30 ms
one shot pulse. R202 protects the clamp transistor should the output be

inadvertently connected to an improper voltage.

4,13 - Power Converter

The power converter provides four voltages for the receiver from
the nominally 28 v supply. It is a regulated blocking oscillator, fol-
lowed by a series regulator for two of the voltages. It also provides
dc isolation between primary and secondary power. Figure 4.38 is a

photograph and the schematic is shown in Figure 4.39.

Specifications

Output voltages 12 v, 5v, 2.5 v, -3 v

12 v output current 78 ma

12 v output noise voltage 8 mv ppl + 120 mv pp
0.1 us converter spikes

12 v output change for a shift in < 0.5 mv

input from 24 to 33 v

5 v output current 4.5 ma

5 v output noise voltage 40 mv ppl + 150 mv pp

0.1 us converter spikes

5 v output change for a shift in < 0.5 mv
input from 24 to 33 v

2.5 v output current 22 ma

2.5 v output noise voltage T mv pp + 150 mv pp
0.1 us converter spikes

2.5 v output change for a shift in 100 mv
input from 24% to 33 v

-3 v output current 0.2 ma

-3 v output noise output 53 mv pp + 110 mv pp
0.1 ps converter spikes

All but 1 mv of this noise is caused by the receiver load and is pre-
dominantly T Mec.
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-3 v output change for a shift in 100 mv
input from 24 to 33 v

Input voltage, required 23 to 34 v

Input voltage, typical 16 to 55 v. Loses regu-
lation below 16 v, but
nothing is damaged

Input power (for the load currents 1.4 w, independent of
indicated) input voltage
Efficiency 73.3 percent

Turn on surge 250 ma for 10 ms
Noise voltage developed across 10 mv pp

primary supply (28 v), 13 ohms
source impedance

Converter operating frequency 30 to 35 ke

Input transient pulses: The converter can survive spikes added to
the supply voltage which give a peak input voltage of 50 v, 10 ms
wide, at 10 cps.

Weight 0.15 1lbs

Power Converter Circuit Description

The principle parts of the power converter are the current limiter,
the input filter, the regulated blocking oscillator converter and the
output series regulator.

The current limiter consists of QUOL, its 3.3 ohm emitter resistor
made up of R4O5, RLO6 and R4OT, and diodes CRLOS and.CRLUO6. 1In the
current limiting state, the emitter resistor voltage drop (at IE = 250 ma)
equals the voltage drop across one of the diodes (about 0.7 v). Transis-
tor Q4OL is held out of saturation by negative feedback through the diodes
to its base. The other diode compensates for the base-emitter diode. The
current limiting transistor saturates for currents less than 250 ma.

Before the converter is running, the current limiter base current is
supplied from the voltage at the collector of QUO4 through the non-active
2.6 v transformer winding, diode CRAKO7, and base current limiting resis-
tor R4LOB. After the converter is running and the current limiter transis-
tor is saturated; base current is provided by the 2.6 v supply from the
converter. This scheme uses less power than a resistor from the +28 v

line to the base of QuLOL.
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The main x input filter, consisting of CLOl, 401 and CLOL, is
designed to keep the blocking oscillator transients from the 28 v line.
CLOL provides the instantaneous current pulses required by the blocking
oscillator. In addition, a filter consisting of a 10 nf capacitor
(mounted in frame B) and a ferrite shielding bead is installed in each
side of the 28 v line to reduce a damped 8 Mc converter spike to 5 to
10 mv (across a 13 ohm source). The converter spike is due to leakage
inductance when the blocking oscillator transistor turns off.

The blocking oscillator consists of Q403 and TLOLl. The feedback
winding to the base comes out at terminals 9 and 10. During the tran-
sistor on portion of the cycle, current builds up in the transformer and
collector of the transistor. When the collector current exceeds
hFE x (base current), the transistor turns off. During the transistor
off portion of the cycle, the flux in the transformer causes current to
flow through all the diodes connected to the transformer. This is a form
of the switching regulator. The 2N3037 is used for the blocking oscil-
lator because of its high collector-base voltage rating (120 v), low
saturation voltage (0.35 v), and high frequency response (fall time
< 0.2 ps). The blocking oscillator regulator output voltages are con-
trolled by adjustment of the average blocking oscillator base current.
The control winding (terminals 8 and 10) provides the voltage that is
regulated. All the other output voltages are related to the voltage in
the control winding by their turns ratio.

The control voltage (approximately 10 v across ChO03) is matched
with the voltage drops across the diode CR4O3, zener diode CRLO2, and
the base emitter diodes of Q402 and QUOL. Any difference in voltage
between these diode voltages and the control voltage causes amplifier
Qh02, QUOL to conduct either more or less current through the collector
of Q4Ol. This collector current is the average base current for the
blocking oscillator. Q4Ol looks like an emitter follower, but is actually a
common emitter stage. Note also that the emitter of QULOL is more negative
than its collector.

Q402 is an emitter follower to increase the h of the combination

FE
Q402 and QMOL. RMI9 and CUl3 are a lag-lead network for stability. The
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control voltage filter capacitor is relatively small to minimize res-
ponse time. RLO3 provides some current load (about 2 ma) for the refer-
ence supply and RLOL reduces the effect of the spike due to leakage in-
ductance. Both were selected in the design to make the output voltage as
constant as possible with input voltage change. Diode CRUOL prevents
Q401 from saturating in reverse connection during turn on. This satura-
ted transistor would clamp the base and -the emitter of the blocking
oscillator together through the transformer windings 9 and 10, and keep
the blocking oscillator from starting.

The receiver VCO is very sensitive to low frequency (O to 50 cps)
noise on the 5 and 12 v lines. Voltage steps of only 0.8 mv cause the
same response as a phase step of.5 radian. Iarger signals cause loss of
lock. The blocking oscillator regulator reduces a 9 v step (from 24 to
33 v) at the primary power input, to about 100 mv at the input to the
series regulator. The series regulator further reduces this 100 mv to
much better than 0.5 mv.

The 5 v is derived from the 12 v supply through a 7 v zener diode.
The effect of a step on the 5 and 12 v power supply lines of the VCO are
opposite and roughly equal. The two supplies change together through
the zener diode so that the effect of power supply changes on the VCO,
approximately cancel.

With a loop voltage gain of over 1000 a change at the series regu-
lator input is reduced by a factor of about 100 at the output. The
major cause of this relatively poor performance is that the change sig-
nal appears in the feedback loop at the base of QUO05 due to the finite
collector impedance of Q407. The addition of R420, which provides a
signal of opposite phase, and is selected to give minimum output res-
ponse to a step, improves performance by a factor of 3 to 10. The dif-
ference amplifiers, QU4OT and QUO8, are matched for base-emitter voltage
to within 5 mv over -20° to +60°C.

The temperature compensated, voltage, reference diode, CRU11, is
bypassed by ChlO to reduce the several millivolt zener noise. RU1l is
a starting resistor, without which the output of the series regulator

would remain at O v. .The high loop gain of the regulator results in a
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low output impedance, which reduces the shunting effect of R411 to a
negligible value. RULL also conducts part of the load current, reducing
+the load on Q4O06.

R416 prevents accidental shorts of the 5 v or 12 v supplies from
burning out Q405 or the base-emitter Jjunction of Q406. Similar pro-
tection could have been achieved by connecting the collectors of QLO5
and Q406 together, but then the input to the series regulator would
have to be 0.6 v larger to take care of the additional base-emitter
drop of Q4O05. This would have used more power. QUO6 is a 2N290TA in
a non-magnetic hat. It was selected for its 600 ma current rating for

use as the series regulator at 85 ma.
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4.26 Modulation Phase Comparator, Section T .ecceecesss 85
L.28 Modulation Phase Comparator, Section IT sesecasess 87
4.30 Analog CGates and Gate Selector eceeessscsasosssses 89
4,35 Counter RegiSter ceeecscsccescscsssasscsccsssanas 95
4,37 Sample and HOLA eceeecscsscccacsasscsssasssonncnsns 97
4,39 POWET CONVETLEY cocevosssoscssssrassosccsosscsses 99

SPECIAL TRANSISTOR EQUIVALENCE TABLE

Non-magnetic

N Standard version Manufacturer
hat version

37200 2N915 Fairchild
ST7201 2N918 Fairchild
SPoL58-2 2N2483 Fairchild
SM631.6 2N2L432 TI

SM6L415 2N2861 TI

SM357T 2N2907TA Motorola

The printed circuits are labeled: "Wiring Side. Components are

as seen through wiring side."

The components side of these circuits are
foamed. So the circuits are shown from the wiring side, with the compo-
nents superimposed to show their location for circuit tracing. Since the
printed circuits are idemtical on both sides, this was achieved by print-

ing photographs of the components side backwards.
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FRAME B

LOOP DIFFERENCE
AMPLIFIER

FRAME A

LOOP DIFFERENCE

PHASE DETECTOR
AMPLIFIER

MODULATION
PHASE COMPARATOR
REFERENCE
OSCILLATOR

SAMPLE & HOLD
ANALOG GATES
| F SWITCH

(CONTROL PORTION)
VCO & )

4th MIXER
_ Ry J2
' GSE

COUNTER
REGISTER

" POWER
' CONVERTER

FRONT END
IF SWITCH
(SWITCH PORTION)

Figure 4.2 - Iocation of the Subassemblies in the Receiver
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Figure 4.3 - The Front End with the Cover Off
This welded connection circuitry and shielding covers is typical of all the STL modules.
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Figure 4.4 - TLocation of the Subassemblies under the Iarge Cover of Frame B
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SPACECRAFT CONNECTOR J 1

62

Table 4.1 - Pin Connections for the External Connectors

PIN NO. FUNCTION CONNECTS TO
1 +28 v dc spacecraft power in Power converter
2 Return 1 Power converter
3 Chassis ground
L Chassis ground
5 Frame rate pulse Counter register
6 Eng. sub frame rate pulse Counter register
T Chassis ground
8 Shift pulse Counter register
9 Word rate pulse Sample and hold
10 Chassis ground
11 Return 29, 30 Ground
12 Chasgsis ground
13 Return 32 Ground
14 Chassis ground
15 Format D analog output Sample and hold
16 Sci. subcom analog out (words E7 and Mod. phase comp. IT
EL5)(Modulation phase)
17 Analog out sci. subcom word 2 Analog gates
(49.8 Mc carrier ampl. and looy stress)
18 Chassis ground
19 Digital output (counter out) Counter register
20 Sun pulse Sample and hold
21 Return 20 Ground
22 16.384 kc clock pulse Mod. phase comp. II
23 Return 22 Ground
ok Return 5, 6, 8, 9, 25 Ground
25 Sci. sub frame rate pulse Analog gates
26 Word gate Counter register
27 Return 26 Ground
28 Chassis ground
29 512 bps state Sample and hold
30 Format D state No connection
31 Chassis ground
32 Calibrate pulse IF switch
33 Chassis ground
3k Return 15, 16, 17, 35 Ground
35 Analog out sci. subcom word 11 (423.3 Mc Analog gates
carrier ampl. and loop stress)
26 Chassis Ground
37 Return 19 Ground
Note: All Returns, except Return 1, are connected to Chassis Ground.




GSE CONNECTOR J 2

FUNCTION CONNECTS TO
1 +12 v Power Converter
2 2.5 v Power Converter
3 Chassis ground :
L Analog out sci. subcom word 2 Analog gates
(49.8 Mc carrier ampl. and loop stress) :
5 Format D analog output Sample and hold
6 4k23.3 Mc loop phase det. x 1/10 Mod. phase det. I
(100B)
T Word gate J 1; counter register
8 Eng. sub frame rate pulse Jd 1; counter register
9 +5 v Power converter
10 -3 v Power converter
11 Analog out sci. subcom word 11 Analog gates
(k23.3 Mc carrier ampl. and loop stress)
12 Sci. subcom analog out (words E7 and Mod. phase comp. IZX
E15)(Modulation phase)
13 49.8 Mc loop phase det. x 1/10 Mod. phase det. I
(100A)
1k Digital output (counter out ) Counter register
15 Shift pulse J 1; counter register

J 3 ANTENNA CONNECTOR

FUNCTION

CONNECTS TO

7£§:é-ﬁk—éntenna input

Front end

J L ANTENNA CONNECTOR

FUNCTION

CONNECTS TO

423.3 Mc antenna input

Front end
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+12y

+5y

GRD

49.8 MC LOOP 3 TRESS
49.8 MC CARRIER AM,

423.2MC LOOP STRESS
423.3 MC CARRIER AM,

423.3MC LOOP PHASE DET

49.8 MC LOOP PHASE DET

aof puase DET

WIRING SCHEDULE

FRAVE [CONNECT | TERM [FILTER] 7 E® TERMS IN COMPARTYE NTS B
‘g* NO NO. NO [200€ Jsp0  [mo0-2 [soo  [eco 200D | 700-1| 900
T REF 05C P
JUB--—Jd1B < 24,9 MC T (4z=.almc) P -135 PUASE
JI2A: o) "TMC \F (422,3MC) '?qoa
Jies -y 1 %8
JI3B. Iﬁ—JI;B hai F4.TME OSC —Fe\glb
A . ’ PuB
J 5%, 709
Pl4B
JI4B 3o MG VCO (AzP.srr)——eoa
J15A < 88+
PISB
JI5B 21 MC o9%C 30
P
JI6B| ©—JIGE © +OMC 1F\(1a.a00)78%
118
JITA——31.9 MC vco-@——(nauc) §03
P18
4178 oy 709
) I B
JIBA TNC IF  (49.8MQ) ——708
~ | Py
JIBB < o 9&
_Hi_-)A -1 31-9M¢ veo G23.3M0)———803
1
1198 o 230
A o PZCZ—\
J20A =, TMC REF 0S¢ 91
A~ PZ|OB
JzoB < 4
IO?A 702
8 8l
* 903
201 D
B8 A 1A
FLI 1A ‘ Uezoie
sil
3A
\ 903
SA 702
9’A 701
%02z
TA
t 809
202D
28 2A—t»2
FLes s r\t—aozc
A 509
‘ 902
GA Tol
1BA 703
f
16A 04D
’ 81
Tiee /AA
N3
A
\l 204C
13A GRD
15A 703
219¢
‘"Q—vco conyroL(ta®) 4 505
219D
M _veo churror b3y 8Os
3B T34 213C
T78 T5A 906
TzB Teh — -4 216D
T6B T T 206
218D
58 T8A 905
T48 ToA 28¢
b +— 1 ——-1+-20%
Tio®: T\OA
Ti2A sot
—r PR — —_—— e

Figure 4.6 - Frame A Wiring Diagram
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49.8 NC CHAN

INTERCONNECT CABLE <SWDE OF CHASSIS
(REF DWG E-4732-2)

423.3 M HAN

o v DOUBLE TURRET SIDE
REFERENCE 0SC ® ® & & M PHASE
. Tua © Tua(arp PHASE DETECTOR
200 ® @ % WiA % ® % pocHouse
FLIA
o T | wO 8 g 0@ @ @
@ o & ® (MAY LENGTH DOWN)
LOOP DIFFERENCE  AMP
o0c =10 @@ @@ 5..;;: L(X)onlgl;FERENCE_ AMP
TIHA Ti3a  J1BB T T
. N e e 158
Tiza ASA
FUSA  RLAM FL7A  FLBA
+12¢ +5Y " Sy ey DOGHOUSE:
'"“m xco §Sozt“ MIKER YOLTAGE CONTROLLED O3C .(neA )
800 MAYL LENGTH UP.
TISA TIBA
HTA F 1S B Tow R e
a8 ==d Jiea =1 le-:_JA ‘VL:A E:] Jiza A
F FLOA FLIOA
+i2¥ +3Y j +oV +l2v
IF_AMPLIFIER b AF AWPLIFIER
" 7001
100-2 Jilg)

PHYSICAL L OCATION OF WIRING COMPONENTS

(NO SCALE)



WIRING SCHEDULE

el "E'TERMS IN_COMPARTMENTS
FRAME °R |J2PIN {31 PIN [FL NO | TERM (TERMS] 100 | 200 | 300 | 400 | e0o | 200E
00— FORMAT D STATE LA
SF 609
300
L, 401
FIA t( 200AGDE @izv)
Gizv) 1 101A B4C
l?ﬁ &l
[ Y 402
T2N ) 02ABC (+5v)
(+5v) o 202 A40E
7 05
f (—43V)
=8 105
(_'3‘\5,) 205A¢eE
303
2 8
G2 403
* e IF SW CONTROL—]—22| BE @¢2.5%)
- 7‘ 223E
128 \F SW CONTROL —1—~222BE
224€
| 5
(r2ev) _) 158 407
—-[c\ \ 1 2OTAABE
1— N—reseT 307
=
P s 1o 406
rm RTH) 204-|
178 i 204A
f A.. & 20kPE
6B 404
(GRD)
(NOTE 10) T\ 204
, GRD &b 104A
AR 3 g B< 104B
{ oA
v
6lo
ToA—— 49.8 PASE DET 46 ILYY 607
TBA—— 42,3 PHASE DT 5B n4B 2¢.9Mc IF(423.9)- PIIA —-J2IIA
JHB ] 24,9MC \F  (#23.3) JIB-1-—P2iB
Jiee 249 me IF  (498) J16B-1-— P2168
TIOA——4f PHASE DET: 0B 309 o4
22— 16{384~C\.0<'-K-IB 1}- 24.9MC \F (49.8)-P16A ——J2l6A
13— 49.8 AUD10 9B usA 313
©—-423.8AUD10 \a. nse
e
7 88 1ec
12— 50 suscom-weuwir 4"
T3A— 4?.3 LOOP STRESS—T— 3R 2i3er
T6A— 4235 100P STRESY ——2B 216 BE
TSA—1—42.8 CA| #ﬂ!cﬁ AmL————-TB 20G At BE
TT7TA—— 4293 CARRIER An— B 208A  BE
s )5——-FORMAT D1 > " 209
20 —SMN PIE; 5 210A
294512 BPS STATE 1 21tA
9——twoep matelese |3 212A
7
214 BE
" 2o soncnz_| 15
2.
" 4233 SUBCOY - ml—r—> # 27ee
25401 suB PR Vg 4 25ee
32—1-cau uni: 2 2200
6——ENG. B RV — “ =
]
8
\5 SHIFT PULRE. > " 306
5—— FRAME RATE: 4 308
26
T JAORD GATH 18 a0
® 12 s\ ©0|
4 DIGITAL. [0V T—— PI3A
4138 I'u.'a MC  0sC | J138-1

Figure 4.7 - Frame B Wiring Diagram
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INTERCONNECT CABLE 5S\DE OF CHA3SIS

(REF WG R-4734-3)

=

MODULATION _ PHASE
COMPARATOR
100A (498 MC)
1008 (R233KC

100¢ TIB THRU THB

f?@

L3B
~3y

@:
. @me

FRONT _END
600

L9

FRONT END SECTION

JE SWITCH~ SWITCH_PORTION
200 E |

[
|
I
UBLE TURRET SIDE
I
|
l
|
I
|
I
|

ELEV. VIEW OF — —

FL12B

BODY SIDE
OF FL9,10,1l $12

TOP |

L4
FLIO
+5Y g

FLOB @
T2

Hi2v

—

FLIB

FLIIB@ @FL\ZB\

I J2 -5 PINS |
112% SAMAE & HOLD
| 200A (T BOARDS)
a%@
di=_|
37 PINS ANALOG GATES &
Ft%; @ @® 2008 ( BoARD)
@ - ® @® IF_SWITCH ~ CONTROL PORTION
o ®© 200E
BODY SIDE
OF FL1263, X.__ —_—
L

23

ELEV. VIEW OF
PNR  SUPPLY SECTION

1
K— SINGLE TURRET SIDE
TI4AB THRU TicB

COUNTER REGISTER
300

BODY  SIDE OF
FLS,6,748

POWER.
CONVERTER
R

PHYSICAL LOCATION OF WIRING COMPONENTS

(N0 SCALE)



NTS NOT SHOWN
ARE OMITTED FOR CLARITY

TYPICAL CABLE
IASTARLLATION
5 PLACES

£os
£ok

(=X

Cc63
co

Ccé8

SEE _DETAIL A €23 (2.4 To crs3
T™ve

crs

T R,
T (3

c [1E Ro7 "
COMPONENTS NOT SHOWA CED ? W =

ARE OMITTED FOR CLARITY =

Figure 4.8 - Pictorial Diagram of the Front End
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LOOP STRESS
(E213)
GROUND
(E204)

LOOP PHASE DET
(E218)

+12 v
(E201)

Figure 4.20 - Printed Circuit of the Ioop Difference Amplifier
for the 49.8 Mc channel - Wiring Side
Components are as seen through the wiring side.

+H2v
(E201
+5v
(E202)

LOOP PHASE DET
(E218)

GROUND
(E204)

LOOP STRESS
(E2186)

VCO CONTROL ™
(E219)

Figure 4.21 - Printed Circuit of the ILoop Difference Amplifier
for the 423.3 Me chamnel - Wiring Side
Components are as seen through the wiring side.
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Figure 4.22 Loop Difference Amplifier




J2ITA P2i6 8B
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P211B
249 Mc IF
(423.3Mc)

IF SW GROUND IF SW
CONTROL CONTROL
(E224) (E223)

Figure 4.23 - Printed Circuit of the Switch Portion of the
IF Switch - Wiring Side
Components are as seen through the wiring side. The control
pertion of the IF switch is part of the printed circuit in
Figure 4.29, page 88.
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11°]

JieB-l [ P2I6®
24.9MC IF(49.8 Mcp—@

SWITCH _ PORTION

0 PIGB, ET04

SR202
Mea78

P2 I -
IIBK\JHB 1

249MC IF (423.3MQ)
TO PUB, ET04
1 IF AMP)

@

~————0 249MC_IF (423.3MC)
FROM PUA, EGOT
(FRONT END)

KRF SHIELD

!
2 IFAMP) | B - -
ZR201 CR202 (205 2207
| J216A MeE® WeseT18 InF InF
24.9 MC 1F (49.8M)0—e— S —+— —
FROM PIGA, E 614 (e ECe
(FRONT END) | ' -
o
] ;\.ZOl
100k
| T
!
l e
[ } 1Inf I
:202|
+5Y O
| R204 R205
46.4 K 46.4K
| 2201
CAUBRATE eazol 'nF
PULSE o s
1-PIN 32 | g e o
Ao | g b

FLIP- FLOP

R206, ;
1K

Qedd
SP9438-2 Q206 Q207
SMeas aMel5
L85 AMPLIFIER

R213
464K

FROM E307  E20|

(COUNT REG) I_

_CONTROL _FORTION.

PART OF BOARD #454734-04

Figure 4,24 IF Switch

NOTE:l. ALL  COMFONENT NUMBERS IN THIS CIRCUIT
HAVE  SUFFIY B, Lo, R2OIE | CZ0GE,ETC.
Z. CIRCUITRY IN THIS DWE MOUNTED ON
TWO BOARDS AD SHOWN.
3. Q TYPE SP9458-2 = 2N2483
IM K36 = 2N 2432
SME419 = 2N 286!



8.192 ke:

RO
Cli2 (*HIe.

, B
Q109

Figure L4.25 - Printed Circuit of the Modulation Phase
Comparator, Section I - Wiring Side
Components are as seen through the wiring side.
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GROUND
(E104)

+ Sv
(E102)

AUDIO OUT
LOOP PHASE
DET. (Eni4)

+12v
(E101)



8KC FUTER 8KC T0 500~ MIXER AC _AMPLIFIER CONTROL NETWORK

500~ FILTER SYNC. DET DC.AMPLIFIER
EIO +2y -
+12VO- .
Rift RIS
col 320K Tk RiZ1
LOOP PUASE cuq 200pF sPaadl 404K 5202
A28 FROM E90S
REF 05C
423, 3ML- FROW F05! = C107
(PHASE DET) Spgzo : Od-{GYpp T LluF
909Kk
5] —
A . Qo9
49.8MC~T0 J2-PINB ’égi ens uF
AMC-TO J2-PINE i
A733MC-T0 J2-PIN R
RUC = = L
10K
v
i'CEIOZ
+iey
E106
[ 500 cPs = —
[0 49.8MC-T0 ENO-100C
N 4233MC-TO ENL1-100C C[_'HT
(MOD PHASE COMP T) Z2pF s
a5y
£i01
- ov
8.192KC O et
49.8MC FRM E108-100C cioe
423, 3MC FRMEN09- 100C 100pF
(MOD PHASE COMP T) loopF —
cns Clic
\,\IODOf’F 1000t
500~ FLIP-FLOP Ri32 sy Riz8
464K
46.4% or
+3TY Fimsd +5v
EI04
LS 1K VO
NOTE:!. ALL COMPONENT NUMBERS 1IN ONE CIRCUIT (49.8MC~ CHANNEL 'A)
HAVE  SUFFIX "A'| ie. RI106A, CRIOIA, ETC. '
2. ALL_ COMPONENT ~ NUMBERS 1IN AN 1DENTICAL CiRCUIT (423. 3MC - CHANNEL *B)
HAVE  SUFFIX "B’ e RI06B, CRIO1B, ETC.
3, % SELECT RIZ7 AT ASSEMBLY.
4. CIRCUITRY ON THIS DWGE 1S MOUNTED ON TWO BOARDS,
BOTH SR1 *454734-021.
| 5. RIOBA &£ RIOA ARE £8.1K ; RIOBB & RIOB ARE 147K,
6. @ TYPE SMG63I6 = 2N 2432 ; QG TYPE SPI9458-2 = 2N 2483,
Qe ¢ Qi3 ARE MATCHED PAIR.

‘ 1.

Figure 4.26 Modulation Phase Comparator Section I



RII6 RI20
RI23
RII8 Rils ClO3 CRIO4

Rito ] Riiz2 RIO8  RIO4 QIo5 \ CRIO3
- R100 B clo2eimenbe :

%ﬂv’& -——n— i " Y

8.192 ke (E109)

500 cps (423.3 Mc)
(E111)

500 cps (49.8 Mc)
(EHO)

16,384 cps CLOCK
(EN3)

-5v (EI102)

SCl SUBCOM ANALOG
OUTPUT W7 £15 (EI12)

+12v (EION)

CRIO2 CRIOI { RI105] ClOl RIO3 \
Q106 RIO6  QlOI R4
RIIN Qio2
RIO2

Figure 4.27 - Printed Circuit of the Modulation Phase
Comparator, Section II - Wiring Side
Components are as seen through the wiring side.
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g

B192kc OB e

40.8MC—TD E'OLA
(MOD PHASE COMP I)
10!
8.192kc O‘i9 — Ru2
423.3MC ~ 10 EI06B RI04 Sitox
(MOD PHASE COMP I) 470¥
g0l
+i2V0— +l2y
RI02. F Rilti
100K 681K
12205 o
10 RU? 19
)4/ 464K 10K
RI\B_
SPa45B-2 IMEG
s bl
“Yerioz
16,284 ~ EN3 i Ruo"c 8278
CLOCK PULSE O=
FRom SI-PINZZ C1090pe3 g loMes] ] oM< |
OuF Q10K gpapss4) B B .
-+
BKC FLIP-FLOP |
Eio2 j
+5V O—— ‘ ‘
INVERTER AMPLIFIER PHASE  DETECTOR RU16
lo.2X
EI05
-3V O—— _
DC AMPLIFIER
EHo

49.8MC-FROM ET0GR (MOD PHASE COMP 1)
o] a Y L ——

423,3MC. FRDHE\OGDE-“g‘IDD PHASE COWP T)

SCIENTIFIC 10 JI-PIN 16

SUBEOM J2-PN iz
ANALDG OUTPUT Elo&
(WORDS ET ¢ EI5)

!

NOTE: 1. ALL COMPONENT NUMBERS IN THIS CIRCUAT
nave  surFix Clae. RiDeC, cRI04AC, ETC.
2. CIRCUITRY ON THIS DWG 1S MOUNTED ON BOARD
sR1 ¥45-4734 -020.
3. @ TYPE SP9458-2 = 2NZ483
SMGeis = 2N28G)

Figure 4.28 Modulation Phase Comparator Section II




SCi SUB FRAME
RATE PULSE RESET

(E215)

(E207).

' y IF SW
CALIBRATE PULSE (E220) CONTROL |

(E222)

IF SWITCH (CONTROL SECTION) -4-'—>ANA|_OG GATES & GATE SELECTOR

(200 E)

4233 Mc
LOOP STRESS(E216)
ANALOG OUT. SCI
SUBCOM WORD 11
(E217)
423.3 Mc CARRIER
AMPL. (E202)
GRD RETURN
(E204-1)

49.8 Mc LOOP
STRESS (213)

GRD (E204)

ANALOG QUT. SCi~

SUBCOM WORD2
(E214)

49.8 Mc CARRIER

AMPL (E206)

+12v (E201)

+5v (E202)

Figure 4.29 - Printed Circuit of the Analog Gates and Gate
Selector, and the Control Portion of the IF Switch - Wiring Side

Components are as seen through the wiring side.
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+iav

+3v

R2o!l

49.8MC CARRIER
AMPLITUDE
FROM E9306
(REF 0sC)

E206

49.8MC_LOOP STRESS 0-=2'2

YooK

Qzo
SP94sA-2

R223

R224
100K

10K

%

R207 |

82.5K

FROM E2i3
(LOOP- DIFF AMP)

Qz03
5P9453-2

Q204
SMGALS

JAMILOG QUTPUT_SCENTIFIC co4
SURCOM — WORD ¥2.

D N-PIN 1T, J2-PIN 4

REQET
FROM E307 OS2 |

R214

Q210
SP94T8-2 C207
100¢%

10K
GATE SELECTOR

FLIP-FLOP

(COUNT REG)
SCAENTIFIC SUB FRAME RATE OS2 ge- ‘

PUISE _(F/16
FROM Ji-PIN2T

(NoTE 3) GRD_RETURNOEZOA

GRD ofot ;
l_ R202

423.3MC CARRIER ppp 10K
AMPLTTUDE,

o—

+izy

+35Y

RIS

4.75K

204
U

Ly

FROM E906
(PHASE DET)

£23.3MC_LOOP STRESSOEZC g |

FROM E216
(LOOP DIFF  AMP)

Qzo6
“ME4LS

It
t
|
|

Q205

Ip0g, > SPO4S8-2
Qo7 :SLSK

5P9458-2 ! '

Q208
aME4 IS

@ |

PO

ANALOG  OUTPUT SC\ENT\FIC\JEZI‘IA

suBcoM - WORD *if
o JI-PIN 35, J2-PIN W

5
—3\/ :EZO

R216

1A ok

ANALOG _GATES

HFAAAA

-3V

NOTE :}. ALL COMPONENT
HAVE  SUFFIX "B,
2.CIRCUITRY ON THIS DWG
ON DWG C-4734-200C- |
1.%454734-014

R BOARD.
3. GRD RETURN TEBM t204-i

NUMBEERS
", w2 R201B , Ceoek, E7C.

IN THIS Gk IT

AND PARYT OF CQRCUITRY
ARE 'MOUNTED ON

CONNECTS O 181-9.

Figure 4.30 Analog Gates and Gate Selector

G TYPES 9P9448-2

RESET
ENG. SUB ERAME

RATE PULSE (Ved

IHIFT  PULDE ——JI—

2N2483
2N 286!

=
=

SMbe4ls






@? \

2 1
3
[ —o(9a
a@®o 1 YN 1
I@O—[‘ e _—M;j—o@s
= {- ®GND o
@5 °®
PRESEY cr
SNR510 Flip Flop
0/0/00/0,
re0.250 + 9010,
o oo
IR E EEHE
ouTeuT outeut 0.165 ojofjofjo

—®c 1 1 ol l A
é @ oo +0010 @ SN
F

E B 0125
(O] ®

— 0.000

0.010 MAX..
oy (oL @c 3
OGS

SNR514 Two NOR/NAND

T@ Yee

1 ——0® Vour
V.N@ K
:;] | L
T

SNRS1( Clock Driver

Figure 4.31 - The Three TI SNR5L Series Integrated Circuits
used in the Counter Register
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BOARD
A thru E

BOARD

BOARD

BOARD

S4 ENG SUB FR RATE PULSE (E3H)
. S3 SHIFT PULSE (E306)

S| GROUND

' £5-.58 SERIAL SHIFT
e co0 N ) g :S7 SHIFT REGISTER OUT
- S6 +12v (E301)

S5 +25v _
S4 WORD GATE (E3I0)

$3 SHIFT PULSE

S2 GROUND

S| DIGITAL OUT (E 312)

S5+25v

'S4 FRAME RATE PULSE (E308)
S3 COUNT

S2 Af PHASE DET (E309)

S! GROUND

2 f(mounfed on
other side)

Figure 4.32 - The Four Types of Printed Circuits Boards

used in the Counter Register
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COUNT OUT O

2v=Loalc 1\
OV= LoGIC ‘0"
he !
T 2 fraEstT
I e ofed
COUNT IN_ O32 e 3 > 4
1 a - COUNTERS> =
> 10 K “Iie
SNR510 SNRS10
—P
PARBALLEL SHIFT O3
2l L ol |5 le
23 FiNTe \@wm ~ PARALLEL~ MBS
ALL INTEG CKTS Se SHIFT GATES 5
GRD PIN 7
e ALL INTEG cKTS
2y prEseT SHIFT 2§ PRESET
SERIAL SWFTOX olce | w2
SHIFT IN— =S 5',0 5 a =
50 SNRS 10
SHFT _oUt O=2
SHIFT oyt O3©
Ov= LOGQ\C "\" "
2v= LoG\C "0 BOARD “A

(|DENTICAL FOR B,C,D 4 E)

NOTE* INTEGRATED "CI\RCU\TS FROM TEXAS INST CO.

Figure 4.33 - Counter Register Boards A-E
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TaP, AS MOUNTED (N e E3D

FRAME ‘B’
S 59 58 S7 S6 S5 S4 §3 S2 St A
210\ s\ E
K 39 ] F
RESET — E307 N> » GND E304
E303 +2.5v }T — E306 —SHIFT PULSE
ENRC‘ATSCUBPUF\.Ea?E(F/bﬂESH c > E312—-D\GITAL QUTPUT
E301 +i2v E \ W /4 - E310-WORD GATE
FRAME RATE PULSE-E308 \/ — E309 - AF PHASE DEYT

H

57 56 55 34 53 52 S|

END VIEW OF BOARDS,
SHOWING INTERCONNECTING WIRING

Figure L4.3L4 - Counter Register Boards Interconnection Diagram
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G6

354 56,

TOV
£207A (SAMPLE 4 HOLD)

+2.5¢ (30438, RESEY GEN PARALLEL SWIFT _PULSE  GEN e3or
GRD '—— T S—o e
Stise FLIP- FLOP -
—_— FLIPELO AMP
<30}
DR sl—@—, 3 W —@nNc
ENGR. sup_FRamME E3)! 415F R 30 N302F l N3O e —@—
RaTE_PuisE (v/64) ELEE A" SNRSIO_
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E306 4100F Rapz 7 m L *
SHIFT PULSE o——-ﬁr—u— ’ ‘ +70pF R 320 ov 1
FROM J1-PIN® | 348K $R304 L 24.8K
To J2-PINIS I K ' J .
' 1 | wsv]  BOARD F |
. _ Se_ 59
- BOARD H '
i e303 —
gsos | + Yksoa '
FRAME RATE PULSE O-eri—]| Q
FROM J1-PIN 5 348K Lps0y L SNRSW4 |
5 S

K

I

E207 B (ANALOG GATES)
E207 C { 1.F. SWiTCH)

2v

1
ENG. SUB FRAME ‘ !

RATE  PULSE (F/i6)

SHIFT PULSE

g3o1 [ | CR301 cR302 SCHMIDT _ TRIGGER
+l2y  o0— = »} » t - 10-B1T COUNTER & SHIFT EQISTER
% Neg218  mcB218 ) R3oe ~R31S Se28. M | T TR
o Q301 ' e Wse £3130
o SPO4SB-2 68. 1Kk SPI45B2 - —2 PARALLEL SHIFT
4
‘ E309 ¢ 306 ik Vi oY sy l 5|I 3|I 5|l
af PHASE DET ) “"’1"3!""; COUNT 52 54 6 154 |
FROM: & 507 kS eniie F @53| *| N30tE N3ot ¢ N3O1 B N301 A
(vcos 4 mnes) GRD _’_II O Tpt f L PN NETOOSE N;gsc isto S2| N;::osa slo S8 N3TO°5A |10
3 = R312 R323 = = = 56 S8 54
' K S 900K FSNRS14 ‘ & BOARD E BOARD € |s2_s#lBOARD B |55 54 BOARD A
+2.5Y % L 1 = <7 57I 57I 571
I 1136 SERIAL SHIFT
- — = — o 2y
'sa. EI SERIAL SWIFT _PULSE _GEN. OUTPUT  PULSE AMP
: iy ov
st e R
i 58
r: s7| . SHIFT REGISTER OUTPUT
]
i

WORD GATE

(a13, B29)
FRowJ1- PIN 26
Yo J2-PIN 7

GROUND

o
X
™
&

azopr T
I

w306
SugasH-2

Je2-FIN 14

BOARD G

1) ON ALL T.I. INTEGRATED CIRCUITS (SNR UNITS)

PIN 3=+2.5V.AND PIN 7= 6ROUND.
2) SEE DWG6 NS C-4734-300-5 FOR

INTERCONNECTING WIRING, AND WIRING TABLE,
3) Q TYPE SP2458-2 & ZN2483

Figure 4.35 Counter Register

E312
——=—0 DIGITAL OUTPUT
TO J1-PIN12 (A13, B29)

v
BOARDS A THRU E




+i2 v
(E20D)

tE228)

FORMAT D
(E209)
GROUND
(E204)
3v
(E205)
WORD RATE PULSE
(E212)
ONE SHOT
(E225)
GATE
(E226)
GATE
(227)
+5v
(E202)

E206=49.8Mc CARRIER AMPL.
E208=423.3Mc CARRIER AMPL .

BOARD 454734023

CLAMP
(E228)
GROUND
(E204)
-3v
(E205)

512 BPS STATE
(E211)

SUN PULSE
(E210)

+5v
(E202)
RESET
(E207)
COUNT
(E225)
FLIP FLOP
(£226)
FLIP FLOP
(E227)

BOARD 454734024

Figure 4.36 - Printed Circuits of the Sample and Hold - Wiring Side
Components are as seen through the wiring side.
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L6

+i2v

ONE-SHOT  0.50m sec

Q_TYPES: 9P9458-2 =~ 2N 2483

NOTE:l.ALL COMPONENT NUMBERS IN THIS CIRCUNT HAVE
suFFIx ‘N, Lo RZIOA, C206A,ETC.
2.Q214 & QRIS ARE MATCHED PAIR,
G2l % QT ARE MATCHED PAIR.
3. CIRCOITRY ON THIS DWE MOUNTED ON TwWO BOARDS,

SHOWN BY DOTTED LINES 2 CONNECTED By
BOARD NOS. ARE SKRI*454734-023 g *4547324-024.

SMEZIL = 2N2432
AMGLIT = 28kl

E225, €226 ,E227 ¢ Ezza.

Figure 4,37 Sample and Hold Circuit
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45y oE2 ¢ — 1 +3y R243
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| 2
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1 R203 )
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. C203 =47 SMEHT & '&isis + T CLAMP
qzor | SInF | Qeel
SPoAIB-2 | 1 Swedie
E£204 Gz13 ’
GRD o L—@ I SP9458-2 w3281 I
E Soanse2 5P9453 2 = N
R205 A l AN
100K R229
R207 R2i2 BOARD BOARD it 100K l
. 261K took ’454734—013] ¥, Ta7341024 Gix
E 20
- O * * s NE -SHOT 30m sec
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+
(E407)

28v
INPUT -

(E406)

(E407 {(E406)

+

28v
INPUT

FRONT

+[2 v (E4O0l)
+5 v (E402)
+25v (E403)
- 3v (E405)
GROUND

GROUND (E404)
-3 v (E405)
+2.5v (E403)
+5v (E402)

+12 v (E401)

Figure 4.38 - Power Converter
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SPACE CRAFT

66

FERRVTE BEAD

(2 REQ)
BLOCKING
Lol CONTROL AMPLIFIER
vt ===
Ea07t- 4 R0l
) | 10%
+ c4ot
= ATF
14
Q402
W CR401  Sposss-2 a2 M%‘;‘g‘.’,g RaO4

MCB2Te

VOUTAGE
iN

CONTROL

0
N

+12V SERIES REGULATOR

+13.3Y

siod CRAOS R408 5
Ed06 MC 8278 681 ncezr3

SURGE CURRENT LIMITER

NOTE: I @ TYPES:SP945B-2 =« ZN2483

SM3577 (PT4-7102) = 2N2207A
2. MATCHED PAIR.
3. %=SELECTED AT UNIT TEST TO GIVE
RATED OUTPUT VOLTAGES (SEE SCMED)
4. AFTER #R‘s INSTALLED, SELECT R420 10O
GIVE VINIMUM  RESPONSE ON +12v LINE TO
IV STEP ON #3.3V LINE. (SEE SCHED)
S. AFTER RAZO INSTALLED, SELECT RA2)
TO GIVE MINIMUM  RESPONSE O
tMa STEP ON +5Y LINE. (SEE SCHED)

2.6V WINDING

STRIAL NO.-

2 [ 3alals

R&VT

R418

R420

R42!

RA22

R423

Figure 4.39 Power Converter
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5. AREAS FOR IMPROVEMENT

The receiver in its present form works very well; indeed it was
trouble-free even during the preliminary integration tests. If a re-
design were contemplated, to meet new scientific or spacecraft require-
ments, there are a few minor areas that could be improved. These points,
which have been found and explored as time would permit since the design

freeze, are discussed in this section.

5.1 - 7 Mc Reference Oscillator

The 7 Mc IF signal of the 49.8 Mc channel phase modulates the 7 Mc
reference oscillator through the phase detector. The magnitude of this
modulation is maltiplied by 18 in the local oscillator multiplier chain
for the 423.3 Mc channel. When noise is the predominant component of
the 49.8 Mc channel IF signal, the strong signal loop phase detector
output of the 423,3 Mc channel has noise added to it. This noise has
a l/f spectral characteristic above 100 cps with the amplitude at
100 cps equal to the amplitude for noise alone in the 423.3 Mc channel.

‘This additional noise does not have any affect on the minimum
lock level of the 423.3 Mc channel, probably because the noise modulation
of the L423.3 Mc carrier is aboutl0 db below the carrier, independent of
the carrier level. The presence of this modulation is undesirable, how-
ever, because the output of the 423.3 Mc channel is noisy when it should
be clean.

This noise modulation can be considerably reduced by putting the
buffer amplifier between the oscillator and both phase detector ampli-
fiers. The change from the present configuration is shown in the block
diagram, Figure 5.1. This change would require that the physical loca-
tion of the reference oscillator and the buffer amplifier be inter-
changed, for the circuit oscillates when merely rewired without reloca-
tion. In addition, the buffer amplifier would have to be redesigned to
give the same output whether or not the external load was connected. A

voltage limiting buffer amplifier would fulfill this requirement.
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REFERENCE OSCILLATOR

| I
| I
| [REF PHASE |
| |osc DET |
| 7 Mc AMP ZMc IF
siIGNALl | . SIGNAL
T° 49.8 Mc
| BUFFER Amp 49.8
l AMP PHASE l CHAN
| 90° DET |
| |
e o outpur |
EXTERNAL LOAD |FOR BUFFER
; PHASE DETECTOR OUTPUT |
| PHASE] LOOP | l
DET PHASE l
21 Mo | et
SIGNAL
ouTPUTT| TRIPLER aMP 423.3 Mc
PHASE AMPLITUDE | cHaN
| 90° DET PHASE |
| AMP DET ,
!___._______________.____@T_".U_T_ _____ i

Figure 5.1 - Change Proposed in the Reference Oscillator Module
The change from the present system is indicated by the addition
of the heavy line and the elimination of the x-ed out line.

A note on voltage limiting: The STL adjustable coil forms, as
used in the output of the buffer amplifier, have relatively.low L. Hence
C is large (XC = %2 ohms at 7 Mc). Q7=LO for the L, or the effective
shunt resistance of the 7 Mc tuned circuit is XC Q = (32)(40) = 1280 ohms.
Hence a 1 ma current can develop only 1.28 v. A larger I is necessary to
make voltage limiting possible without excessive (> 2 ma) amplifier dc

current.

5~2 - 31-9 Me VCO

The VCO is extremely sensitive to power supply voltage changes;

approximately 1300 cps/v for the 5 and 700 cps/v for the 12 v supply.
For comparison, the VCO control input has a sensitivity of 950 cps/v. A
voltage step of 0.8 mv on the 5 v supply causes a step of phase error of
0.5 radian at the 423.3 Mc channel loop phase detector output.

This problem was solved in the present receiver by the use of an
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extremely stable power supply. A decrease of the VCO's sensitivity to
power supply voltage changes would be the next logical step.

This could be accomplished by providing a local zener regulated
5 v supply for the VCO transistor and could bias one end of the Varicaps
(see Figure 5.2). The control end of the Varicaps would then be at
ground level as would the loop phase detector and the loop amplifier
outputs. Thus, the VCO would be independent of steps on the common 5 v
supply. The locatlon of the VCO control voltage around ground level
reduces the voltage level transfer circuit for the loop stress to a

simple divider.

vYCO CONTROL

|
NEUTRALIZING vos T'™
CAPACITOR - Int -
% ICAP
= ookS  VARIC 100K
<
+12v
Inf Inf
| | o [

ZéNER i i
X % %noo
R i

Figure 5.2 - Proposed 31.9 Mc VCO Circuit
Temperature compensation is not shown.

Loading of the VCO collector circuit should be increased so that
small changes in tuning due to collector voltage changes have a smaller
effect on the phase of the collector signal, and hence on the frequency of
the VCO.

The autoformer (T807) could be removed if the crystal holder capa-
city were controlled by a neutralizing type capacitor, and the impedance
level were modified by changing the Varicap size. Replacement of the
autoformer with capacitors might very well make the VCO more stable with

temperature and easier to adjust.
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53 - Phase Detector Driver Amplifiers -
The phase detector drivers (Q90l, Q903 in Figures L4.13 and 4.15)

draw approximately 5 ma per stage. The collector swing is less than
the maximum available and an increase in the collector load impedance
would allow this current to be reduced. Secondly, the 470 ohm collec-
tor decoupling resistor has a voltage drop of 2.5 v and could be re-
placed by a choke, thus saving 12.5 mw per phase detector driver or a
total of 50 mw secondary power for the 4 phase detectors used in the

receiver.

5.4 - Af Phase Detector

This circuit causes cross coupling between channels of about -60 db.

The cross coupling path is between the second mixers via the VCO con-
nection through the Af phase detector in the VCO and fourth mixer module
(Figure 4.19). The VCO's do not pull each other.

While the circuit works satisfactorily, a decrease in cross coup-
ling might be obtained by capacity neutralization of the Af phase detec-
tor amplifiers, Q502 and Q503 in Figure L4.19. ILess advisable is the
insertion of an attenuator between the VCO signal and the base of the

Af phase detector amplifier.

5.5 - Front End
The image response of the U423.3 Mc channel is -4 db. If the

image response were decreased, the noise figure would be decreased by
as much as 1.4 db. A decrease in image response between the RF stage
and the first mixer would be more effective in decreasing noise figure
than a decrease in the image response before the RF stage.

The interference in the 423.3 Mc channel from the 49.8 Mc channel
is about -66 db and about -T2 db in the opposite direction. Since the
noise temperature (including cosmic noise) of the 49.8 Mc channel is
7.5 db larger than for the 423.3 Mc channel, the 49.8 Mc signal will be
about 10 db larger than the 423.3 Mc signal. Hence, in actual operation
the interference in the 423.3 Mc channel from the 49.8 Mc channel will
be -56 db.
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Though this amount of cross talk is sufficiently low, conservative
engineering practice makes improvement desirable. A ~70 db cross coup-
ling at 24.9 Mc exists between the collector circuits of the two first
mixers, which is equal in both directions. The 26 db gain of the 49.8 Mc
channel vs. the 18 db gain of the L423.3 Mc channel could account for the
difference in cross coupling referred to the RF input. If increased
decoupling of the power supply leads does not help, diviéion of the

front end into two separate modules should.

5.6 - Ferrite Tuning Slugs

Indiana General Q-3 ferrite, used for the tuning slugs in all the
STL adjustable inductors decreases in o below room temperature. Q-3 has
ap, = 16. Siemans ferrite tuning slugs made of UL7 or 20K12 ferrite
change very little in h, over -65° to +100°C. ULT has a By = 10 and a
frequency range of 10 to 220 Mc. 20K12 has a By = 24 and a frequency
range of 3 to LO Mc. The adjustable inductors could use tuning slugs
made of these ferrites. Siemans tuning slugs come in a range of sizes,
but with millimeter threads. This is no problem, however, since the

STL inductor forms are custom made.

5.7 - IF Switch

If the cross coupling between channels were decreased in the front

end, the IF switch cross coupling would dominate. Part of this cross

coupling path is through magnetic coupling of the 100 ph inductors. These

can be changed to a 39 ph choke, which is self resonant at the IF switch
operating frequency of 24.9 Mc. Alternatively, they could be replaced
with toroidal inductors which would have less mutual coupling.

The best location for the IF switch is in the front end, instead
of its present location. There is sufficient empty space in the present
front end and the layout would require less cables, one less unit, and
two less inductors (I201 and I204k in Figure 4.24) and would probably

have less cross coupling.
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5.8 - Sample and Hold
If the analog to digital (A-D) converter in the spacecraft quan-

tized more gquickly, i.e. fast with respect to the 10 c¢ycle bandwidth of
the sample and hold data, the sample and hold circuit would not be neces-
sary. The A-D converter in the spacecraft originally ran at 1024 bps

(16 ms conversion time), independent of the bit rate being transmitted by
the spacecraft. During development, however, six gates were eliminated
to "simplify the spacecraft,” resulting in the converter running at the
prevailing spacecraft data system rate (as slow as 64 bps for our use, or
about 100 ms conversion time).

An alternative would be to use an individual A-D converter with con-
version time sufficiently short to be able to dispense with the sample
and hold circuit. This converter could be used for all the experiment's
analog data. This alternative is even more attractive in view of the
fact that the Jet Propulsion Iaboratory had mysteriocus offset voltages
with analog data wires running to a central A-D converter in Mariner ITI
(Venus probe). As a consequence, they have changed to a voltage to time
interval converter in each experiment in later spacecraft and all signals
are transmitted through dc isclated pulse transformers on twisted pairs.

While the sample and hold circuit works well for the present
experiment, it depends on high impedance (44 M) and high hop &t low
IC (0.1 pa). The block diagram of an improved circuit is shown in
Figure 5.3. In this circuit, the voltage stored is that necessary to
make the output equal to the input. Dc offset in the sample driver,

sample switch or hold amplifier are of no importance.

INPUT DIFFERENCE OUTPUT
AMPLIFIER
L HOLD AMPLIFIER
SAMPLE POWER

HOLD

—o"" > FET
DRIVER | SAMPLE AMPLIFIER
SWITCH

CAPACI TOR:[_

Figure 5.3 - Proposed Sample and Hold Circuit
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The actual circuit is described in Reference 4. The circuit described
samples O to 6 v in 1 ps and holds for 1 sec, all to an accuracy of

0.1 percent.

5.9 - TI SNR51 Integrated Circuits

The integrated circuit capacitors are reverse biased diodes.

These capacitors will conduct if they are forward biased causing pulses
to come out of inputs, in somé cases. The capacitors also increase in
capacity, as the voltage across them is decreased.

A1l or many of the components are insulated from the basic sili-
con slice by reverse blased diodes. The basic silicon slice is connected
to ground. Hence, each point in the circuit is clamped to ground through
a reverse biased diode.

The designer of the integrated circuits at TI said that the units
work best when they are connected to other SNR51 units. Thils is why
in some places an extra amplifier using one half of an SNR51lhis used.

He was very hesitant to say anything about ripple counters (the
type used in the counter register). The SNR510 flip flops are suscep-
tible to overdrive (clock pulse larger than the resistor gate level),
so that if the flip flop driving a clock input had a larger signal than
the flip flop being driven (which gates itself), it might not count.

The use of a common clock signal for all the flip flops, which could be
made smaller than the smallest gate input, or clamping all the signals
with external diodes was strongly suggested. To obtain a counter with
a common clock, a maximal length shift register, or a gated counter
could be used.

The ripple counter used in the counter register does not work over
the rated tempefature range (-40° to +80°C) at a supply voltage of 6 v.
However, it does work at the supply voltage of 2.5 v. It is suspected
that the reverse biased diodes connected between all points and ground
clip the negative going signal of the R-C gate thus, if both gates are
overdriven, both R-C gate outputs become equal, and the flip flop can
remain in its original stage. At lower supply voltages, the differences

between the flip flop outputs, which are due to unequal collector resis-
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tors (t 20 percent tolerance) and loads, are smaller than the 0.6 v re-
quired to overcome the grounded reverse biased diodes. 1In addition,
there is a fraction of the clock pulse signal lost across the R-C gate

capacitors which would absorb some of the overdrive.

5.10 ~ ILoop Difference Amplifier

The output of the loop difference amplifier is current limited at
I 2 v relative to the 5 v supply. This is to keep from losing the
T4.7 Mc signal by driving it beyond the 6 kc 3 db bandwidth of the
The7 Mc crystal filter. The VCO has a nominal sensitivity of 950 cps/v
which is multiplied by three in the derivation of the Th.7 Mc signal.

When the output of the amplifier nears its limit, it has insuf-
ficient dynamic current to drive the feedback network. The dynamic
current required equals the current through the input resistor (R203,
Figure 4.22) for the : 1.5 v input signal. When the amplifier limits,
the input signal feeds forward through the feedback network to the VCO
control input causing a false lock condition due both to modulation of
the VCO at the beat frequency and to phase shift throughout the phase
lock loop. The false lock prevents the output of the loop difference
amplifier from getting any nearer the I 2 v 1limit. See Reference 5 for
a derivation of the false lock condition. The current of the output
stage was increased from 200 to 600 pa, but the output can still only
be driven to about I 1.5 v before dynamic current limiting begins.

A method of obtaining an output closer to the iy 2 v 1limit would
be to provide a larger voltage output swing but to voltage limit the
output with back to back 2 v zener diodes (or equivalent ) across the
feedback network (across R209). In this case, the diodes between the
collectors of the first stage could be eliminated. Other methods would
be to use a complementary pair emitter follower output or a Th4.7 Mc

crystal filter having a wider 3 db bandwidth, say 10 or 12 kc.

5.11 ~ Power Converter Transistor

The 2N3037 was selected for the blocking oscillator in the power

converter, QU403, Figure L4.39, for its singular set of characteristics.
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These are:

Parameter Value Reason for selectilon
VBE 120 v max High, to survive the blocking
oscillator leakage inductance
transient
Fall time 200 ns max Short, for low dissipation
VCE (saturated) 0.35 v max at 150 ma Iow, for low dissipation
IC 500 ma High, for the peak current
Power 1w High, to survive abuse
Material Silicon Longer life

There is the possibility that this transistor may burn out when
the power converter output is disconnected or shorted. This was the
best transistor available at the time, but a stronger transistor should
be more reliable. If such a transistor is found, it could also be used

to replace the 2N3038 used for QLOL.

5.12 - Measurement of Af without an Offset Frequency

A more sophisticated technique of counting the Af is to use an
up-down counter, and a Af detector which also tells whether the Af is
positive or negative frequency. Positive frequency can make the counter
count up, and negative frequency can make the counter count down.

With the new up-down counter scheme, a frequency bias will not have
to be added at the ground based transmitters to determine the sign of the
carrier frequency difference (Af). Also, in the presently used scheme,

a phase noise pulse larger than the hystersis of the level detector
(about 0.6 radian) will cause an extra count. With the up-down counter,
a phase noise pulse will not cause an unwanted count unless the phase
lock loop skips a cycle. The up-down counter scheme, outlined in
Figure 5.4, could be made from TI integrated circuits.

Figure 5.5 shows the position of the Af vector which rotates about
the origin. The projection of the vector on the level detector axis is
the output of the level detector phase detector. The projection of the

vector on the gate axis is the output of the gate phase detector. When
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Figure 5.4 - Proposed Af Phase Detector with an Up-Down Counter

LEVEL DET
LEVEL DET
LEVEL DET

’GATE GATE GATE

a) Af Vector for b) Af Vector for c) Af Vector passing
positive frequency negative frequency through negative
gate axis

Figure 5.5 - The Af Vector for Several Conditions,

the vector rotates in the positive direction (counter-clockwise) through
the positive gate axis, Figure 5.5a, the projection on the level detec-
tor axis goes from negative to positive, which produces a positive going
output from the level detector. The projection of the vector on the gate
axis 1s positive, so the positive going output goes through the gate and
is added in the counter.

When the vector is rotating in the negative direction through the
positive gate axis, Figure 5.5b, the projection on the level detector
axis goes from positive to negative, which produces a negative going
output from the level detector. The projection of the vector on the
gate axis is positive, so the negative going output goes through the

gate and is subtracted in the counter.
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When the vector crosses through the negative gate axis, Figure 5.
5c,; the control to the gates is negative, and the output of the level
detector does not go through the gates. Thus the level detector goes
through the opposite transition than it did when the vector was going
through the positive géte axis but this output is inhibited from being

counted.

5.13 - Modulation Phase Measurement.

The modulation phase measurement can be somewhat improved or it
can be replaced by a radically different technique.

Slight modifications to the present scheme would be to combine the
low and high pass sections of the 8 kc filter, Figure L4.26, into a single
filter and to eliminate the emitter follower between sections. The same
thing could be done for the 500 cps filter. In fact, the spectral den-
sity of the noise goes up only about 1.5 db if these filters are elimi-
nated altogether, but the rms noise at the synchronous detector is
larger. If the filters are eliminated, only a synchronous detector is
necessary, i.e., no 8 ke to 500 cps mixer is needed, but the signal
feeding the synchronocus detector must be the "exclusive or" product of
the 500 cps flip flop and the 8 ke flip flop.

The ac amplifier could be modified to provide a higher voltage
output, thus the amplifier could have more gain without saturating. A
higher gain dc amplifier might be desirable to provide a lower static
phase error, especially at low signal levels. Some other form of VCO
might be more stable. The noise bandwidth of the phase lock loop might
be reduced. The dec amplifier following the phase detector (Figure 4.28)
could be a difference amplifier feedback type, using 3 or L4 transistors.

The present scheme is sensitive to the noise centered around both
input frequencies, 7.692 and 8.692 kc. Some method might be devised
that would be sensitive to the noise only around the frequency to which
it is locked.

A radical departure from the method presently used to determine
the phase of the modulation would be to make the comparison before the

IF crystal filter. The bandwidth is wide here, allowing high frequency
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or high frequency content signals to be compared. In addition, the
phase slope is very small, which would eliminate the need for the IF
switch to calibrate the relative phase through the two channels.

A technique for accomplishing comparison of the incoming modula-
tion with the expected modulation by the use of wideband modulation
was developed at Jet Propulsion Iaboratory; see References 6 and 7.

The technique 1s to correlate the incoming signal with a local model of
the expected signal. When they match, the correlator output is maximum.
While this could be used with sinusoidal signals, JPL has developed a
digital signal which is orthogonal to itself in auto correlation every-
where except over I 1l bit length. Over these two bit lengths, it has

a triangular auto correlation function.

This digital code is called a pseudo random code. Of the many
digital codes available which have this type of orthogonality, there is
one, the maximal length shift register code, which is generated with
simple logical operations and a serial shift register. A code length
equal to o™ _ 1 characters is possible for an n bit serial shift
register.

The use of the pseudo random code for measurement of group delay
will allow high resolution by using a short bit length, and will
resolve ambiguity by use of a code longer than any possible group
delay. The bit length probably will be limited by the 100 to 200 ke
bandwidth of the 400 kw VHF (20 to 55 Mc) transmitter.

A bornus with this scheme is that the IF crystal filter can be
narrowed down to something like a 2 kc bandwidth from the present 45 ke.
This will reduce the rmis noise at the phase detector, although the
power spectral density will remain the same. The narrowing of the IF
crystal is permissable because the modulation is used before the IF

crystal filter.
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APPENDIX A

RECEIVER PHASE LOCK LOOP PERFORMANCE

A.l - Anticipated Received Signal Ievel at the Receiver

The Stanford receiver is a limiting receiver which has about 30 db
excess gain over that needed to limit on noilse alone. Therefore, only
signal-to-noise ratios are important, not absolute signal levels. The

basic equation for received signal levels in the line of sight situation
is:

. P& GT AR 1)
R~ 2
hxR
P, = received power at the input to the receiver (watts)
By = transmitted power (watts)
GT = power gain of the transmitting antenna over isotropic
Ap = area of the receiving antenna (m2)
R = distance between transmitting and receiving antennas (m)

For this experiment, there is a 150 foot parabolic antenna on the
ground and the equivalent of a dipole antenna on the spacecraft. The

power gain of a parabola is:

MﬂAT P (ﬂrTE)
G = =

T A? %?

area of trnsmitting antenna (m2)

i

H
I

radius of A (m)

>
Il

wavelength of transmitted frequency (m)

The area of a dipole, which has a power gain of G_ = 1.64, is:

R

2
GpM 1.6 A2

AR = T T T g




Inserting the expressions for GT and AR into eq. (1)

2
B [ Mt Gy )] [1.64 2]

2
_ 2 T~ _ B, M Ty
P = 2 -
LhxR R
Converting this to db form:
Po (dbm) = Ep (dbm) - 20 log R + 20 log T - 3.87 (2)

The actual value of PR is less than calculated by eq. (2) due to
the following factors:

1 db transmitting transmission line loss

3 db transmitting antenna aperture efficiency

3 db loss because circular polarization is transmitted and linear
polarization is received. Cilrcular polarization is required
for one experiment goal of the experiment and to insure that
Faraday fading does not adversely affect the received signal
level.

7 db total additional reduction in PR

Substitute the following values and the 7 db additional reduction
of P_ into eq. (2):

I
Il

Pn (423.3 Mc) = 30 kw = Th.77 dbm

4O kw = 86.0 dbm

Pn (4L9.8 Mc)

rT = 22.9 m for the Stanford 150 foot dish

(86 dbm - 20 log R + 27.2 ~ 3.87) - 7
102.3 - 20 log R (dbm)

P (b2%.3 Mc)

Po (423.3 Mc) (received power by a dipole) vs. range is plotted in
Figure A.1l.

(74.77 dbm - 20 log R + 27.2 - 3.87) - 7
91.1 - 20 log R (dbm)

Py (L9.8 Mc)

Py (49.8 Mc) (received power by a dipole) vs. range is plotted in
Figure A.2. This is total received power. The carrier is modulated for

the group path experiment, and half the power goes into the sidebands
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while half remains in the carrier. That is, the carrier power is 3 db
lower than the total received power, Pé. This reduction of carrier
power is taken into account by the expressions for the phase lock loop

performance, Section A.lL.

A.2 - Equivalent Input Noise Temperature of the Two Receiver Channels

Input noise due to the receiving system:

. . Tou‘t Tref * TA
Noise Figure = NF = =
T T
ref ref
Ty = T.p (0F - 1)
Ty T..p (IF - 1)
Tant = G = G
lead-in lead-in
out = emplifier output temperature, referred to amplifier input (°K)
‘I‘_r‘ef = temperature of reference source = 293°K for noise figure
- measurements
T, = temperature added to amplifier input by the amplifier (°K)
T = temperature referred to antenna terminals, without cosmic
ant . o
noise added (°K)
Gy epa_in = €2in in the antenna coax (< 1)

Input noise due to cosmic noise

Cosmic noise, expressed in terms of temperature, was obtained by
numerically integrating sky maps of cosmic noise (Reference 8) and
scaling to frequency using -23.2 db/decade as the scaling factor
(Reference 9). At L423.3 Mc the cosmic noise is about 100°K and is much
below the receiver noise.

At 49.8 Mc a 250 Mc sky map in galactic coordinates was integrated,
frequency scaled, and weighted by the gain pattern of a dipole parallel
to the galactic axis. For comparison, several lower frequency sky maps
were frequency scaled and integrated with no weighting; then 2 db (the
maximum gain of a dipole) was added. The temperatures obtained by the
two methods for 49.8 Mc were 7150°K and 8100°K respectively. At 49.8 Mc,

8000°K of cosmic noise is used in the calculations.
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RECEIVED POWER BY A DIPOLE (dbm)
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Figure A.l - L423.3 Mc Power Received by a Dipole at the Spacecraft vs. Range
The right hand scale is the total noise power to carrier plus sideband power
in the IF noise bandwidth of L5 kec.
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Figure A.2 - 49.8 Mc Power Received by a Dipole at the Spacecraft vs. Range
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Total input noise

T (NF-1
T =T +T = Lef )+

s+ T .
eq ant cosmic G . cosmic
lead-in

(3)

Teq = total equivalent noise temperature at the antenna terminals

. = cosmic noise temperature, discussed above
cosmic

Total noise power in same noise bandwidth as seen by the limiters in
the receiver

N
o]

Py

K Teq (watts/cps)

il

N NBW =KT NBW (watts)
o} eq
P _stated in dbm form is:

Py = 10 log K + 30 + 10 log Teq + 10 log NBW (dbm) (X4)

PN = total noise power referred to antenna terminals (watts/cps)
K = Boltzmann's constant = 1.38 x lO_EB(joules/°K)
No = power spectral density (one sided, i.e. positive frequencies

only) ( watts/cycle)

NBW = equivalent rectangular bandwidth which passes as much noise
as an actual filter. The NBW as seen by the limiters in the
receiver is 45,000 cps (cps).

Total noise power in 423.3% Mc channel
NF =7 db = 5.0

. = 100°K
cosmic

G eng.iq = (6 £t) (-0.13 ab/rt at 423.3 Mc) = -0.78 db = 0.8k

Inserting these values into eq. (3):

_ (293)(5-1) _ o
eq =GB + 100 = 1500°K

Inserting values into eq. (L4):
Py (k23.3 M) = 10 log (1.38 x 10722) + 30 + 10 log (1.5 x 10°) +
10 log (4.5 x 10”)
= -228.6 + 30 + 31.76 + L6.53 = -120.3 dbm
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Py (423.3 Mc) of -120.3 dbm is plotted on the Pq (received power by a
dipole) vs. range graph for 423.3 Mc, Figure A.l.

Total noise power in 49.8 Mc channel
NF =3 db =2

.= 8000°K
cosmlc

Cread-in =
Inserting these values into eq. (3):

T = (293)1(2'1 + 8000 = 8293°K

eq

Inserting values into eq. (4):

10 log (1.38 x 10722) + 30 + 10 log (8.295 x 10°) +
10 log (4.5 x 10)

-228.6 + 30 + 39.19 + 46.53 = -112.9 dbm

PN(h9.8 Mc) of -112.9 dbm is plotted on the Py (received power by a

Py (4L9.8 Me)

dipole) vs. range graph for 49.8 Mc, Figure A.2.

The cosmic noise at 49.8 Mc is 14 db larger than the receiver
noise. Attenuation of the signal from the antenna will not appreciably
change the signal to noise ratio, unless the cosmic noise is less than

5 db greater than the receiver noise.

The performance calculations for the phase lock loop are in terms
of the total noise to total signal (carrier and sidebands) ratio at
the input to the limiter and not in terms of absolute signal levels at
the receiver input. The noise to signal ratio is given on the right
hand scale of the plots of PR (power received by a dipole) vs. range,

Figures A.1l and A.2.

Selection of the maximum N/A at which the receiver will operate

First the N/A for a dipole at the maximum range (0.5 AU) is read
off the graphs, Figure A.l, for 423.3 Mc and Figure A.2 for 49.8 Mc.
The spacecraft antenna pattern has nulls in it of 8 db below a dipole,
which amplitude modulate the received signal as the spacecraft rotates
at 1 rps. At the nulls, the N/A is increased by the amount that the
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gain of the null is below the gain of a dipole. The N/A is increased
because the signal is reduced by the null, but the cosmic noise is
more isotropic, hence is affected little by the directional nulls; the
receiver noise is not affected by the nulls at all.

At 149.8 Mc there can be fading on one of the characteristic trans-
mission modes through the ionosphere of up to 3 db. The N/A at 49.8 Me
is increased 3 db by this fading.

Some margin in N/A is added to allow the signal to decrease or the
noise to increase from these calculated values, and still have the
receiver work. At 423.3 Mc, the signal can decrease, and the noise can
increase due to an increase in receiver noise figure. At 49.8 Mc, the
signal can decrease, but the receiver noise figure would have to increase
from 3 to 11 db to increase the N/A, which is very unlikely. More mar-
gin is, therefore, required at 423.3 Mc than at 49.8 Mc.

423.3 Mc k9.8 Mc

N/A for a dipole at 0.5 AU range 5.8 2.2 db
N/A for antenna nulls 8 8 db
N/A for ionospheric fading 0 3 db
N/A for margin 10 6 db
Design level of N/A for a mean 2%.8 19.2 db

time of 10 hr for skipping

1 cycle in the phase lock loop

The design level N/A above is what it should be with what is now
known. However, after the design freeze, the noise figure in the
423.3 Mc channel was found to be higher than planned, a 1 db difference
involved in an approximation was lost, the fading on the 49.8 Mc channel
is less severe than originally supposed, and less margin was included.
As a consequence, the design level N/A used in the present receiver is

21 db for the 49.8 Mc channel and 18 db for the 423.3 Mc channel.

A.L4 - The Phase Lock Loop

The linearized phase lock loop is shown in Figure A.3.

The equations for the performance and parameters of the phase lock

loop are:
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Figure A.3 - Linearized Phase Lock Ioop
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Mean time to loss of lock
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. T
T—-'ETL- e N (sec)

3 db bandwidth of the output phase, QR

B
Iy 53 db =“§% \/Qkx +1) +/[x(x + 1)]° + x2 (cps)

5 db bandwidth of the loop error phase; (Gf (Qecreases with decreasing freq.)

B
s 3 ab =-§% Slx - 1) +/[x(x - 1)]7 + x*  (cps)

Amplitude of the carrier at the phase detector output

2 Pcar
Pyot

(v, O - pk)
(L= P ’

Ioop parameter (undamped resonant frequency at design level)

), solved from expression for éne , once On2 is decided

upon. x = 1 at design level.

2
(N/A) = noise to signal power ratio in the IF noise bandwidth, Af

(Nl/Al)2 -: design level of (N/A)2

A, = design level of A, i.e., A for (N/A)2 s (Nl/Al)2 (v)
P

car
E’tot

L = limiting output amplitude (O - pk) out of the phase detector (v)

= fraction of total signal power in the carrier

Af = IF noise bandwidth (cps)

Selection of the loop parameters

First, the maximum N/A at which the receiver is desired to operate
is determined from the anticipated signal and noise levels. This is

the design level Nl/Al » because the performance should be optimum at

A - 10



the most difficult operating point. The design level N/A was determined
in Section A.3 to be 18 db for the 423.3 Mc channel and 21 db for the
49.8 Mc channel.

Second, the mean time to skip 1 cycle is decided upon. One day's
operation, or about 10 hours, was chosen for the Stanford receiver.
Then 6N2 is determined from the equation for T. ONE is a logarithmic
function of BL » so the exact value of BL does not affect ON very
much. For B, = 100 and T = 36000 sec (10 hr), 6N2 is -8.7 db.

With Nl/Al and T decided upon, everything else is determined by
the equations. Table A.l shows the calculated performance vs. N/A for
the 423.3 Mc channel with design leve‘l Nl/Al = 18 db. Table A.2 shows

the same thing for the 49.8 Mc chamnel with design level Nl/Al = 21 db.

Derivation of the phase lock loop equations

@R/@C s 6N came from Jaffe and Rechtin (Referencel10). GE/GC was
easily derived from Jaffe and Rechtin. x = A/Al came from Jaffe and
Rechtin with a slight correction from Davenport (Referencell) (Jaffe
and Rechtin made an approximation 4/x221). The quantities NO and AO
in Jaffe and Rechtin have been changed to Nl and A.l to allow No to be
used for one sided power spectral density.

BL s NO are an identification of the parts of 6N , divided up in
the same way as by Viterbi (Reference 12). Viterbi shows (p. 1738) that
a synchronous detector is sensitive to a2ll the signal, but to only half
the noise. This is not the case for a non synchronous detector. The
one sided noise power density in the IF, when folded about the synchro-
nous detector frequency is doubled in density. But the phase detector
is sensitive to only half the noise, so the one sided noise power den-
sity is the same at the output of the phase detector as at the input.

T came from Viterbi, and is the exact solution for a first order
phase lock loop with zero dc phase error. The exact solution for the
second order loop is too difficult to be of interest for the present
problem and it is felt that the first order loop solution is a reason-

able guide for the performance of the second order loop.
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Table A.l - 423.3 Mc Calculated Phase Lock Loop Performance

phase lock loop performance vs n/a (total noise to total signai power in if)

limit n/a design level = |8 db

design n/a level = |8 db

limit sigma (loop n/a) level =
b (loop parameter) =

if noise bandwidth =
maximum amplitude phase detector output =
fraction of totel power iIn carriler

n/e

db

strong
carrier
strong
signal

0

}

2

— O\ o~ O N W

— -

db

18
17
16

15
14

13

12
¥

£\ -~ ®W\O

Ead (VAN

-1
-2

-4
-5

-6
-7
-8

-9
-10
-1l

-12

margin amplitude

v
1.500
1.060

.703
.657
.610

.563
ST
H73

430
. 390
.352

.318
.286
.257

.230
.206
. 184

. 165
i
.131

HT
. 104

-093

.083
Moy
.066

059
.052
olllyd

.0b|
037
-033

.029

-8.7 ab
71.2 rad/sec
L5000. cps
.50

out £3db err f£3db
cps cps
212.4 196.4
152.5 136.6
103.8 87.9
97.5 81.6
9l.14 75.3
8.7 68.9
78.5 62.6
72.4 56.6
66.6 50.8
61.1 hs. 4
55.9 Lo.k4
51.2 35.7
L45.8 31.5
Lo.8 27.7
39. 1 24,3
35.8 21.2
32.7 18.6
30.0 16.3
27.5 1. b
25.3 12.7
23.3 11.3
21.5 10. 4
19.8 9.1
18.3 8.2
16.9 7.5
15.7 6.8
th.6 6.3
13.6 5.8
12.6 5.3
11.8 5.0
1.0 L.g
10.2 4,3
9.6 L.0
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1.500

nbw
cps

333.8
239.7

163.
153.
143,

133.
123.
113.

|0k,
96.
88.

—_—— O £ NN O

8o.
73.

61.
56.
52.

h7.
Ly,

3
- ~I\0 Oy o

37.
35.
32.

28.
26.

25.
23.
22,

[e 01\

2l.
20.
19.

\O ~ W

sigma

-20.
-19.
-18.

-18.
-17.
-16.

-16.
-15.
-15.

-1k,
-13.
-13.

-l2.
-1,
-11.

[}
- N ".OJOD
—N0RQ WO~ WO WwWww

]
F
O Oy &

-3,
-2.

-2.
<3

III
©50

—NfF O VI VAW

3

sigma
rad

.095
.Jok
113

.122
.132
.42

- 153
165
7T

- 190
.204
.219

-235
-253
272

.292

315
<340

<367
<397
29

.L65
+505
.550

-599
653
LTI

.782

857
<9k

1.035

time
min

.58le

. 140e
. 105e
.205e

. 90%e
.808e
.i3le

.36le
157597.
10267 .

953.
120.
20.

L,

2h

21
18
15

12
09
o7
39
7l
26
9l

19

29

.36

13
.05
.02

.0l
.00
.00
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Table A.2 - 19.8 Mc Calculated Phase Lock Loop Performance

phase lock loop performence vs n/a (total noise to total signal power in 1if)

1imit n/a design level = 2| db

design n/a level = 2| db

1imit sigme (loop n/a) level =
35.6 rad/sec

b (loop parameter) =

if noise bandwidth = L45000. cps
maximm emplitude phase detector output =

fraction of total power in carrier

-8.7 ab

.50

n/a mergin amplitude out £3db err £3db

db db v
strong 1.500
carrier
strong 1.060
signal

0 21 .T03
| 20 .657
2 19 .610
3 18 .563
L 17 ST
5 16 73
6 15 L4320
7 1 «390
8 13 .352
9 12 .318

10 11 .286

] 10 .257

|12 9 . 230

13 8 . 206

n T . 184

15 6 . 165

16 5 .47

17 L . 131

18 3 LT

19 2 . 104

20 | .093

21 0 .083

22 -1 .07k

23 -2 .066

24 -3 .059

25 -4 .052

26 -5 .ok7

27 -6 .ol

28 -7 .037

29 -8 -033
30 -9 .029

cps
148.3
106.0

T1.6
67-2
62.7

58.2
53.8
k9.5

Ls L
.5
37.9

3h.5
3.4
28.6

26. 1
235.7
21.6

l9-7
18.0
16.4

I'\)\N\:ﬂ

OA~N OO VO -

: \0«161 ~N -

N TR A

i
\0

cps
140.3
98.0

63.6
59.2
547

50.2
Ls.8
Li.s

37.4
33.6
30.0

26.6
23.6
20.8

18.3
16,1
14,0

MO WP WW

POV WWE EVV AN ® WO
-

~ O -

n
v
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sigma
db

-21.9
-21.2
-20.5

-19.8
-19.2
-18.5

-17.9
-17.3
-16.7

-16.1
-15.5
-14.9

[ ]
W & VO TJG?OJ

sigma

-079
.086
.09k

. 101
.109
.118

.126
136
145

.156
- 167
- 179

. 192
.205
.220

.236
<253
272

.293
<315
.30

367
- 396
k29

L5
.505
.549

-599

.653
LT

. 781

time
min

.28%

. 109e
A12e

.27%e
. 1 39e
. 1 37e
.238e

.68le

306156.
20283,

1902
ak2
Lo

8
2

24

21
18
15

13
11
09
07
98
.0l
.58
.62
.65

.28
.72

.1l
.05

.03



. NPT
fR 3 db ’ fE 3 db are solutions to the equations 'QR/OCI = 0.5

2 _
and ’@E/QC, = 0.5 respectively, which are gquadratic in.w?.

A.5 - Ioop Difference Amplifier Parameters

A difference amplifier with appropriate elements in its feedback
loop is used for the phase lock loop control network, F(s). The ampli-

fier is in Figure A.4, which identifies the feedback elements.

\/

N fin Tger 2Cser 2Cger ouT

b

\

Figure A.4 - Ioop Difference Amplifier used
for Control Network F(s)

The equations for the feedback elements are:

rin = input resistor, value chosen.
C: B
Tser i KO rin * z (Ohms)
1 &
roo = Ko Tip (ohms )
Al X
(2)(Cser) =2 FEER (farad)
o in
X X
hold in = _ﬂ%?;jgﬂzz (cps)
1 "de
X = K&co Kﬁul rad/sec
volt
K%co = gain of the VCO (rad{seC)
volt
Kﬁul = the frequency multiplication following the VCO
Kﬁc = closed loop dc gain of difference amplifier

A - 14



gm = open loop transconductance of difference amplifier

Selection of the loop difference amplifier parameters

B, and Al are determined from Section A.k. Koo ? Kﬁul

are determined by the receiver configuration and the design of the loop

» and gm

difference amplifier.
The impedance level should be as small as possible with the follow-
ing constraints:

1. It should not load the 1 k output impedance of the loop phase
detector,

2. It should not require too much signal power from the difference
amplifier, and
5. The capacitors in the feedback loop must be an available size.
The impedance level was established somewhat arbitrarily by setting
r, = 25 k.

in
K should be as large as possible to minimize the dc phase

error. dget, it must be small enough that the loop amplifier will not
saturate due to de¢ offset in the first stage of the loop amplifier and
dc offset from the loop phase detector. Kﬁc is chosen to be 20, which
gives & 0.5 v loop amplifier output (relative to the 5 v supply), or
25 percent of its 2 v maximum output, for an input dc offset of 25 mv
(the maximum expected).

Table A.3 shows the 423.3 Mc channel loop difference amplifier
parameters. Values are shown for design levels of Ni/Al from 3 to 30 db.

Table A.4 shows the 49.8 Mc loop difference amplifier parameters.

Derivation of the loop difference amplifier parameters

The ncde equations were written for the feedback amplifier. Negli-~
gible quantities were determined by inserting actual values for the
amplifier and typical values for the feedback elements. After
simplification, the elements of the amplifier transfer function were
identified with the control network, F(s). The zero, the high fre-
quency gain, and the dc gain of the amplifier transfer function and

F(s) were made equal.

A~ 15



Table A.3

423,30 mc channel loop amplifier parameters vs design level n/a (total noise to total signal power in if)

1limit sigma level = -8.7 db
time to loss of | cycle approx = }O hrs

if noise bandwidth = 45000. cps

maximm amplitude phase detector ocutput = 1.500 v

fraction of total power in carrier = .50

loop gein without amplifier = 96132. rad/sec-volt

amplifier dc gain = 20.0

veo gain = 9Q0.0 cps/v

vco x multiplier gain =  15300. cps/v

n/a amplitude hold in b nbw out f3db err £3db rin rser rfb  2(cser)
db v cps rad/sec cps cps cps kohm kohm kohm microf
3 .563  30600. 2252.4 11946 737.8 358.4  21.36] 1.268  L27.225 1.000
L .517 30600. 1789.2 9L8.9 566.0 284.7 31.090 1.593  621.802 1.000
5 473 30600. 12y.2 753.7 L65.5 226.1 20.L469 .917  409.389 2.200
6 .b30 30600. 1128.9 598.7 369.8 179.6 29.524 1.151  590.L485 2.200
7 .350  30600. 896.7 475.5 293.7 2.7 19.850 .684  397.210 4.700
8 .352  30600. 712.2 377.7 233.3 113.3  28.L52 .858  5659.059 4. 700
9 .318 30600. 565.7 300.0 185.3 90.0 h5.656 1.076 813.127 4,700
10 .286 30600. Lhg. 4 238.3 th7.2 71.5 18.163 L32 363.263 15.000
1 .257 30600. 356.9 189.3 115.9 56.8  25.850 .541  517.009 15.000
12 .230 30600. 283.5 150.3 92.8 L5, 4 25.048 be6  500.962 22.000
13 .206  30600. 225.2 194 73.7 35.8 35.55L .584  711.089  22.000
4 .18k 30600. 178.9 9L.8 58.6 28.4 19.807 .295  396.147 56.000
15 .165 30600. 152, 75.3 bg.5 22.6  2B8.056 .368 561.326  55.000
15 LY 30600. 112.8 59.8 36.9 17.9 39.743 LL60 794877 56.000
17 131 30600. 89.6 47.5 29.3 1h.2  25.250 .276  $25.016  120.000
18 117 30600. 71.2 37.7 23.3 11.3 2k, 759 .233  495.190  180.000
19 .10k 30600. 56.5 30.0 18.5 9.0 35.018 .291  700.360  180.000
20 .093 28651, bh,9 23.8 14,7 7.1 27.007 .20k 5hO0.15%  330.000
21 .083  25555. 35.6 18.9 11.6 5.6  38.180 .253  763.600  330.000
22 074 22791 . 28.3 15.0 9.2 k.5 53.965 .315 1079.303  330.000
23 .066  20323. 22.5 1.9 7.3 3.5  76.266 .393  1525.329  330.000
24 .059 18120. 17.8 9.k 5.8 2.8 107.772 .bg2 255,454 330,000
25 .052 1615k, 14,2 7.5 k.6 2,2 |52.281 .616 30U45.636  330.000
26 .ol7 144o1 . .2 5.9 3.6 1.7 215.158 772 4303.171 330,000
27 .0k 12838. 8.9 L7 2.9 1.4 303.981 .968 6079.623  330.000
28 .037 HIBL3, 7.1 3.7 2.3 1.1 L29.4s53 1.216 8589.078  330.000
29 .033 10200. 5.6 3.0 1.8 .9 606.697 1.527 12133.947  330.000
30 .029 9092, bh 2.3 1.b .7 857.069 1.920 17141.395  330.000
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Table A.L

49.80 mc channel loop amplifier parameters vs design level n/a (total noise to total signal power in if)

limit sigma level = -8.7 db
time to loss of | cycle approx = |0 hrs
if noise bandwidth = 45000. cps

maximum amplitude phase detector ocutput = 1.500 v

fraction of total power in carrier = .50

loop gain without amplifier = 5654. rad/sec-volt

amplifier dc gain = 20.0

vco gain = 900.0 cps/v

veo x mltiplier gain = 900. cps/v

n/e amplitude hold in b nbw out £3db err £3dd rin rser rfb  2(cser)
db v cps rad/sec cps cps cps kohm kohm kohm microf
3 .563 1800. 2252.4 119%.6 737.8 358.4 2.673 2.684 53.469 70
L 517 1800. 1789.2 9L8.9 586.0 284, 7 3.891 3.376  77.822 .70
5 b3 1800. 142].2 753.7 L65.5 226.1 5.636 L.2k7  112.723 .70
6 k30 1800. 1128.9 598.7 369.8 179.6 8.129 5.343  162.586 .70
7 .390 1800. 896.7 475.5 293.7 2.7 11.682 6.723 233.653 .70
8 .352 1800. 712.2 377.7 233.3 113.3 16.737 8.460  334.740 470
9 .318 1800. 565.7 300.0 185.3 90.0  23.915 10.647  478.310 .L70
10 .286 1800. Lug. 4 238.3 147.2 71.5 34.098 13.401  681.970 k70
1" .257 1800. 356.9 189.3 116.9 56.8  22.809 7.935 456.184 1.000
12 .230 1800, 283.5 150.3 92.8 b5, 32.415 9.986 648,304 1.000
13 .206 1800. 225.2 119.4 73.7 35.8 20.914 5.720 418.288 2.200
14 .18k 1800. 178.9 9L.8 58.6 28.h 29.658 7.197 593.162 2.200
15 -165 1800. th2.] 75.3 bs.5 22.6 19.671 L.247  393.L420 4,700
16 b7 1800. 112.8 59.8 36.9 17.9 27.855 5.343%  557.110 L.700
17 .131 1800. 89.6 k7.5 39.3 4.2 39.h25 6.723 788.510 4.700
18 .7 1800. 71.2 37.7 23,3 1.3 17.477 2.660  349.5L5 15.000
19 .10k 1800. 56.5 30.0 18.5 9.0 24,718 3.345 4ok, 372 15.000
20 -093 1685. Lh.9 23.8 1h.7 7.1 23.83%0 2.873 U476.606  22.000
2) .083 1503. 35.6 18.9 1.6 5.6 33.588 3.614  673.765 22.000
22 .OTh 1340, 28.3 15.0 9.2 L.s 18.706 1.79%  374.128 56.000
23 .066 1195. 22.5 1.9 7.3 3.5  26.L36 2.255 528.738  56.000
24 .059 1065, 17.8 9.k 5.8 2.8  37.358 2.835 747.163  56.000
25 .052 950. b2 7.5 L& 2.2 2k.633 1.6711  k92.676  120.000
26 .ou7 8u7. 11.2 5.9 3.6 1.7 23.203 1.405  LEL.067  180.000
27 .0kl 755. 8.9 L4 2.9 1.4 32.782 1.765 655.645  180.000
28 .037 673. 7.1 3.7 2.3 1.1 25.261 1.216 505.239  330.000
29 .033 600, 5.6 3.0 1.8 .9 35.688 1.527  713.761  330.000
30 .029 534, b b 2.% 1.4 i d 50.415 1.920 1008.31T  330.000
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A.6 - Comparison of Measured and Calculated Phase Lock Loop Performance

Figure A.5 shows the carrier amplitude vs. RF carrier input. The
most important feature of this Figure is the level of the carrier ampli-
tude (vertical scale) at which 1 cycle per minute is skipped in the
phase lock loop. For zero (or 0.1 v) loop stress, the measured level
is 3 db higher than the calculated level for the 43,3 Mc channel.

The measured level is 4.5 db higher than calculated for the 49.8 Mc
channel. As expected, an even higher carrier amplitude is required if
there is loop stress. It is reasonable to expect the loop stress to be
as large as 0.5 v.

The horizontal displacement between measured and calculated curves
is probably due to error in the input amplitude, or error in the mea-
surement of noise figure.

The RF carrier input is the carrier level alone. If the carrier
is being modulated with 50 percent of the total power in the sidebands,
the total power would have to be 3 db larger than that indicated for
carrier alone. Also, the carrier amplitude would be asymptotic to
1.06 v instead of 1.5 V.

Figure A.6 allows comparison of the measured and calculated phase
error 3 db bandwidth. The most significant feature is that the mea-~
sured phase error bandwidth for the 49.8 Mc channel is 30 percent
narrower than calculated, yet it performs worse than calculated for the
423.3 Mc channel in terms of the level at which it loses 1 cycle per minute.

The loop error 3 db bandwidth was measured because it only re-
quired measurement of the output of the loop phase detector. Measure-
ment of the phase lock loop output would be the next step in the investi-
gation of the discrepancies, but it requires development of additional
circuitry. The loop error 3 db bandwidth is a function of the carrier
amplitude only, so its performance is the same whether or not the
approximately 8 ke modulation is present. Modulation was not present

for these measurements.

A.7 - Selection of Transmitter Fregquencies

The frequencies of the two transmitted signals should be separated
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CARRIER AMPLITUDE, AT AMP PHASE DET OUTPUT(v)

RF CARRIER INPUT (dbm)

Figure A.5 - Carrier Amplitude vs. RF Carrier Input
The level at which loss of lock occurs is shown as a function of loop stress.

1
2
[P g i s .
| @ [~ et ———r—y
423.3 Mc AT L.,.f-/"' o
' Teq=1500%K| 1~ ] ;;/ |
&
0.8 A // ‘0// | |
. P3 / r/ v |
0.6 ; all Ve ,/7/ - 4980 |
7 = |
, CALCULATED— 4 / 7 | eq*B300%
04l ' || pd 4 !
4] MEASURED—\>/)/ P/ g
! £ 7 !
/ / ///
LOOP STRESS 1 )/
0.2 (AT LOOP AMPLIFIER
oUTPUT) =lv |, # / A — CALCULATED
l 0'5'>,/ - iv /% I |
o1 / \— MEASURED o-LEVEL FOR MEAN TIME
Ny 0.2 : TO LOSS OF ! CYCLE = | min
o-l I'I / L] OI T
34b DESIGN | '
08 i LEVEL { .
oy )’ DESIGN LEVEL
06 # 4~ 45db
by |
/] /A —ov
04
-150 -140 ~130 -120 -1o -100



LOOP ERROR 3db BANDWIDTH (cps)

)
200 4233 7
CALCULATED £

MEASURED—1~ |

N \\ﬁ
AN

100 /
80 /

L A AP
I ALCULATED
w0 / | 4— MEASURED
7/'
~ /
/
/7
20 #
5
- L 4
//
DESIGN LEVEL- /
10 /6/
8 /
6 ~ Pu
o / K\--DESIGN LEVEL
. //
2 L 1 [ I L L 1 11l |
.ol .02 04 .06 08 Q. 0.2 04 06 08 i

CARRIER AMPLITUDE AT AMP PHASE DET OUTPUT (V)

Figure A.6 - Phase Error 3 db Bandwidth ve. Carrier Amplitude

A - 20




by at least a factor of 2 and related by some rational number. The
lower freguency should be low enough to be affected by the interplane-
tary electrons, but not so low that the approximation to the refractive
index of the earth's ionosphere is not valid. Other considerations
were that the lower frequency antenna on the spacecraft should be as
small as possible; and that certain high power transmitters were avail-
able.

The lower frequency was chosen to be 49.8 Mc because it was in
the center of an authorized government band, 49.6 to 50.0 Mc, in which
the 400 kw transmitter is licensed by ARDC as a space radar. The higher
frequency was chosen to be 17/2 times the lower, or 423.3 Mc, because
it allows easy multiplication (by 2's and 3's) to obtain the local
oscillator frequency in the receiver, and was the first of several

possible frequencies to be authorized.

A.8 - Selection of the Modulation Freguencies

For adequate resolution of group path, a2 high modulation frequency
should be used. The signal to ncise ratio at the loop phase detector
should not be lower than -20 to -30 db for satisfactory phase detector
and phase lock loop operation. This requirement is satisfied at the
maximum range by limiting the IF bandwidth, which in turn limits the
modulation frequency. The phase can be controlled only over the center
two thirds of a crystal filter's 3 db bandwidth. A 40 ke 3 db bandwidth
filter Just about gives -20 db signal to noilse ratio at the phase detec-
tor. The maximum modulation frequency with this filter is about 12 kec.

Two modulation frequencies are used to resolve multiple cycle
ambiguities up to about 8 cycles of 8.692 ke. The two modulation fre-
quencies, 7.692 and 8.692 kc, are located symmetrically about 8.192 ke,
a clock frequency available from the spacecraft. This symmetrical
location about the clock frequency allows the phase of either modulation
frequency to be measured without switching in the receiver.

At the 0.5 AU range, an error of 2 percent of one cycle corres-

ponds to an electron density of 0.6 x lO6 electrons/mB; and 8 cycles of

A-21



8.692 ke corresponds to an electron density of 230 x lO6 elec‘(:rons/m3 .
A density of 10 x 106 elec‘brons/m3 is anticipated.
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APPENDIX B

DATA SYSTEM
B.1l - Spacecraft Data Handling and Signals

Telemetry Word

A telemetry word in the data handling sub-system consists of 6
binary bits and one odd parity bit for error detection except for a
limited number of words in which the parity bit has been omitted.
Spacecraft generated words will be transmitted with the most significant
bit first.

Bit Rates
The data handling sub-system will be capable of processing scien-

tific and engineering data (including the parity bit) at the following

rates:
512 bits per second
256 bits per second
64 bits per second
16 bits per second
8 bits per second
Freme

The data handling sub-system will assemble information from the

instruments into frames composed of a series of 32 digital words.

Format and Word Assignments

The words in a frame are assigned in several formats. The first
word in a frame is numbered l. The formats were organized for specific
purposes and are selected by ground command for particular spacecraft

operational modes.

Format A, Format B

These are the two main formats for scientific information. Scien-
tific information is in digital form. See Figure B.l for the layout of
the fcrmat.

Format C

Primarily for spacecraft analog or digital engineering information,
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1 i 3 4
FRAME MODE SCIENTIFIC
SYNC. IDENT. ‘SUBCOMM.

5 6 7 8

9 10 11 12

113 14 15 16

}

!

17 18 19 20
gYNI““CIE SUBCOMM. | ENG INEERING

coMPLIMENT | TDENT. SUBCOMM.

' - —_— e |

21 22 23 ok

25 26 27 28

29 30 31 32

Figure B.l - Form of the Main Frame Format for Formats A, B, and D

The words which are the same in these three formats are specified,
and the words which are different are only numbered.
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and usually subcommutated into word No. 19 of Format A, B or D; this

format is 64 words long.

Format D

This format is used infrequently and when used, then only for a
short time. All the blank words in Figure B.1l are analog words connected
to one line, called Format D, provided to the Stanford experiment. When
this format is used, the information is simultaneously transmitted, and
stored in a 68 frame memory. Storage stops when the memory is filled,

and the data system then reverts to transmitting at 16 bps in Format B.

Format E

This format is 16 words long and is used for analog and digital
scientific information and is subcommutated into word No. 3 of formats
A, B, and D.

The various signals are described in Table 2.1. The relative

timing of some of the signals is shown in Figure B.2.

B.2 - Division of Subcommutation

The Stanford experiment is assigned 4 analog words in the 16 word
scientific subcom, nearly evenly spaced in time. There are 5 analog
guantities to put on these L analog words. One is data: the modula-
tion phase. The other 4 are operational information: carrier amplitude
and locp stress for both channels. The subcommutator control is a
simple one stage counter if the operational information is subcommutated
onto just 2 scientific subcom words. The subcommutation is arranged to
give information alternately about each channel, approximately evenly
spaced in time, in this order: U49.8 Mc carrier amplitude (word No. 2),
423%,3 Mc carrier amplitude (word No.1ll), 49.8 Mc loop stress (word
No. 2), 423.3 Mc loop stress (word No. 11), repeat. Both carrier ampli-
tude and loop stress can be used to indicate loss of lock.

Words No. 7 and 15 in the scientific subcom are left for the
modulation phase, and are evenly spaced in time. The sampling rate is

much higher than needed for the slowly varying modulation phase.
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Figure B.2 - Timing Signal Relationships



APFENDIX C

NON-MAGNETIC COMPONENTS

The presence of a sensitive magnetometer aboard the spacecraft made
it necessary to reduce the magnetic field of everything aboard the space-
craft. Individual experiments are required to have a magnetic field
less than 2 gamma, O -pk, (1 gamma = 1077 gauss or 1072 vebers per m2)
at a distance of 3 ft after exposure to a magnetizing field of 25
oersted (2 x lO3 amp-turn per m). The magnetic field of a magnetic
dipole is proportional to r_5

The magnetic field of the completed Stanford receiver was 1 gamma
measured under the above conditions.

A Hewlett Packard 428B clip-on dc ammeter with its 3529A magneto-
meter probe was used to measure the retentivity (retained B field) of
all prospective components. All components used in production were
also measured, because the manufacturer sometimes changes the materials
without warning. They are also checked because special non-magnetic
components look just like their magnetic counter parts, and the manu-
facturer sometimes accidentally substitutes the magnetic component.

The magnetometer is sensitive to changes of 1 gamma and indicates
100 gamma full scale on the most sensitive range. The probe is mounted
in a horizontal plane, and rotated until its axis is normal to the
local B field. Cars passing by,machines operating in the area, watches,
and pockets full of keys cause the reading to fluctuate. Operation in
a small cubicle made of transformer iron considerably reduced the fluc-
tuations. Components were demagnetized first, to remove any previous
strong magnetization, then tumbled in a magentizing field of 25 oersted.
The peak to peak retentivity of the component was measured at a distance
of 3 inches between the center of the component and the magnetometer
probe. Standardization of the magnetizing field and measurement dis-
tance made comparison possible. An arbitrary limit of 12 - 14 gamma pp,
below which components were acceptable was set. Above this limit, the

non-availability of a substitute and the quantity used determined



acceptability.

Kovar (29 percent nickel, 54 percent iron), which is used in
metal-to-glass seals for its equal thermal expansion, was the major
offender. Tt is also used for the leads of many components because it
can be both welded and soldered. Its shape dramatically affects its
retentivity. Long thin needle shapes, like wire leads, are the most
retentive shape as would be expected. Alloy 180 (nickel-copper) was
substituted for the nickel-iron wire usually used in the welded modules.

Where possible, ferrite cores were used instead of the more mag-
netic powdered iron. These magnetic components were selected from a
group for those with minimum magnetism. TFerrite, however, is more
temperature sensitive than powdered iron.

T0-18 transistors were made with non-magnetic nickel-silver hats
at the transistor factory on a special order (TI,Fairchild,and Motorola).
However, the transistor leads are still kovar, and had to be clipped to
their maximum usable length (0.12 in) before magnetic testing. Micro
Semiconductor made diodes with special non-magnetic leads welded to the
very short kovar ribbon which makes the hermetic seal to the glass. As
a favor, and with the prospect of business with the other experimenters,
Kemet made 200 of each size tantalum capacitor that was needed, substi-
tuting non-magnetic Alloy 180 for the normally used kovar leads. The
200 units were necessary to be able to statistically measure their
reliability within a reasonable time.

Goodall specially manufactured hermetically sealed mylar capaci-
tors which used copper cases and copper leads. Their standard hermeti-
cally sealed line is magnetic. Small mica capacitors, type MCM, which
would fit into the space designed for the magnetic Corning glass capa-
citors, were made by General Instrument. JFD designed a special trimmer
capacitor which is non-magnetic and has satisfactory temperature charac-
teristics. Their standard model used invar (nickel and iron). Crystals
from Hughes for frequency control and for filters were put in a hermetic
aluminum can by Monitor.

Items which are non-magnetic without a special order are metal

film resistors (Electra), carbon composition resistors (Allen-Bradley,
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but with solder coated leads instead of tin dipped), high reliability
ceramic capacitors (Aerovox), and feed-through capacitors (Erie:

Filtercon).

Minimum megnetic construction practices

Transistor leads were trimmed to 0.10 in and mounted flat (with
a little space) on the printed circuit board. The leads were not bent
over thus minimizing the lead length. Where longer transistor leads
were necessary, an Alloy 180 wire, flattened at the weld, was welded
to the lead.

Components with magnetic parts were placed so the magnetic pieces
were not lined up to give a long thin shape. The TI integrated circuits

have kovar cases. Five TI circuits in a stack have about the same mag-

netic field as a single circuiit, probably because the stack resembles

a sphere.




APPENDIX D

PATINTS, ADHESIVES, AND FOAMS

Cat-a-lac top coat flat black 463-1-8 (2 parts), and Cat-a-lac reducer
TL-26 (cleaner )(Finch Paint and Chemical Company)

This material is used on the ocutside of the receiver to obtain an

emmisivity of greater than 0.72, so that all the packages in the space-

eraft will be nearly the same temperature.

828 Epoxy (Shell) and Hardener EM308 (Thiokol), equal parts by weight

This is used to bond components to the chassis. This flexible
bonding material allows flexure of the board (or chassis) without
breaking the bond. Rigid adhesives shear frowm the board or from the
component when the board is flexed. The flexibility of this material

1s a function of the amount of hardener added.

Polyurethane coat BTU (F¥merson and Cuming)

The printed circuit boards are coated on both sides with this

alcochol soluble polyurethane coating for protection from moisture, and
from the catalyst (a secondary amine) used in the polyurethane foam.

If the catalyst for the foam is not thoroughly mixed with the resin, it
reacts with the copper of the printed circuits Tto form a highly conduc-

tive green substance.

Eccofoam FP and catalyst 12-2 rigid polyurethane foam (Emerson and Cuming)

The printed circuit boards are supported in this 2 pound/cu £t foam.
The foam is formed over the components side of the printed circuilt in a
mold at room temperature. It is left undisturbed for at least 2 hours
to keep it from collapsing. The next day, the foam is cut to size with
a band saw. This foam will dissclve in acetone, or soften in ethyl
alechol.

Silastic RTV 891 adhesive {Dow Corning)

This material is sguirted into the apertures of pot cores, but

not £illing the whole void inside, €o secure the leads and the bobbin.




Qz7A Mex cement examel (Communication Products Company )
Used by STL to hold the windings of the coils in place.

Fccobond 55 and catalyst no. 9 (Emerson and Cuming)

Used to secure stainless steel studs in the magnesium covers and

frames.
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